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The source of these figures is indicated in tin* 
explanation attached to each. Of the remaining 
illustrations, some are reproilured from photogiapln 
of specimens in the collection of the Ihnhth 
Museum j the others have been diawn from Nature, 
or copied from theori^irm) ligorm of varion-. author’., 
by Miss Gertrude M. Woodward, to whom I am 
much indebted for the care and skill which «.he han 
given to their preparation. 
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THE LIFE OF CRUSTACEA 


CHAPTER I 
INTRODUCTORY 

E VERYONE has some acquaintance with the 
animals that are grouped by naturalists under 
the name Crustacea. The edible Crabs, Lobsters, 
Prawns, and Shrimps, are at least superficially 
familiar, either as brought to the table or as 
displayed in the fishmonger’s, and the most un¬ 
observant "of seaside visitors must have had his 
attention attracted by living specimens of some of 
the more obtrusive species, such as the common 
Shore Crab. Many, however, will be surprised to 
learn that the Barnacles coating the rocks on the 
seashore, the Sand-hoppers of the beach, and the 
Woodlicc of our gardens, arc members of the same 
class. Still less is it suspected, by those who have 
not given special attention to the subject, that the 
living species of the group number many thousands, 
presenting strange diversities of structure and habits, 
and playing important parts in the general economy 
of Nature. 
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THE L1EE OF CRUSTACEA 


In addition to those just mentioned, a few Crus¬ 
tacea are sufficiently well known to be distinguished 
by popular names, such, for example, as Crayfish 
and Hermit Crabs, but for the vast majority no 
names arc available except those of technical 
zoology. In the following pages, therefore, while 
technical terms have been introduced as sparingly 
as possible, the unfamiliarity of the animals them¬ 
selves makes it needful to use many unfamiliar 
names. 

In the classification of the Animal Kingdom, the 
Crustacea form one of the divisions of a compre¬ 
hensive group, or Phylum, known as Arthropoda. 
The typical members of this group have a more or 
less firm external skeleton, the body is divided into 
segments, there are jointed limbs, and some of these 
are modified to serve as jaws. The chief divisions 
or classes of the Arthropoda are—(i.) Insccta , in¬ 
cluding Butterflies, Moths, Bees, Wasps, Flics, 
Beetles, and the like ; (ii.) Chilopoda , or Centipedes ; 
(iii.) Diplopoda , or Millipedes 1 ; (iv.) Onychophora, in¬ 
cluding the curious worm-like Peripalus ; (v.) A rack- 
nida, or Scorpions, Spiders, Mites, and their allies; 
and (vi.) Crustacea. 

It is not easy to summarize in a few words the 
characters common to all Crustacea, and distinguish¬ 
ing them from the other groups of Arthropoda. As 

1 The Chilopoda and Diplopoda are sometimes regarded as 
forming a single class—Myriopoda, 




;v rnn#h #nide In classification, il is useful lo remember 
(hnl an Insci l can generally la; rcco#ni/ed by having 
three; pairs nf walking le#s, nit Arachnid by hnvin# 
four pairs, ami a Centipede nr Millipede by bavin# a 
#rnit many pairs, all nearly alike, "rite Crustacea, 
nil tile other hand, show #reut diversity in the number 
and airan#einent of their walk in# nr swiimuin# le#s, 
but they tardy show any special resemblance to those 
of the other lar#e. #rnups of Arthmpndu. Thus, for 
example, a common species of Woodlouse, ,1 rwtuitf- 
/tdiutu vid#iirr, is very similar at lit si si#ht to tin* 
Millipede (iloiiicris iihir^niiitu, bill it bus only seven 
pairs of wulkin# lefts, while the Millipede has seven¬ 
teen or nineteen pairs. 

Mote precisely, it may be said of the #ieut majority 
of (‘tiisluer.t that they aie aquatic animals, brentliin# 
by #ills or by the #eiteral snrfaee of the body, bavin# 
two pairs of " feelers," or anUutme, on the front part 
of the head, and at least three pairs of jaws. Kxeep- 
lions to eac h of these statements will he mentioned 
in later chapters in denim# with parasites and other 
highly modified types. In sueh cases, however, the 
larval or ycain# sla#rs afford indications of tiflinity, 
and comparison with less modified forms enables us 
to trace a connection with the typical Crustacea. 

The best way to form a conception of a #ronp o| 
animals, however, is not to attempt in the first place 
to define its limits, hut to begin by studyin# tint 
structure of some typical and central species, and 
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afterwards to note ihr divrrgrmilm r 1 
presented by other iucihIhts of tin group. sp-Amy 
very generally, it may lie said that flir ir- dit<-ig« m r, 
are of two kinds. On the *mr hand th«-i<- «ir « Inn 
actors that have no apparent trla<i*>n to th«- .nnut.ihi 
habits and mode of life, and *>n the • ■tlin hand tln-rr 
are modifications of strutinn- who It an- nun* «.t 
plainly of use to the animal It r. t.« i h.««.*< u i . of 
the former class that nr look lot „i tU , 

animal's affinities, and it re np<m ilcpm that ,,m 
systems of classification «r< i in>iJv 8*a-.<-d. Thr 
characters of the second dav. " adaptor “ that- 
actors, as they arc called Ihcoiiw «»f impt.if.iu.<- 
when we study the animal "as a going i»ii> nu, 1 ' 
so to speak, and endeavour In nutlri-.iaml h«.u »{•> 
life is carried on in relation in it» ’>ur rounding». 

In pursuance of this plan of study, thr urn ■ h-tptrr 
will bo devoted to n description of thr i <>nun<>n 
Lobster as a type of the CruMmt*. In the tlmd 
chapter a survey of the c Lmilkaiiun «.| the f:t ,. 
will bo given; since, however, tin- iharactrr* on 
which tho classification is bawd < attuni Ik* v \pi a me* I 
fully without ontering into technical .hud, which 
are beyond tho scope of lh it* work, this Mitvey will 
be restricted to what is iiocrcsMary for c mttptcht-ii’Mnu 
of the succeeding chapters. In the fourth chapter 
some account is given of the young or |«rv..l Mag™ 
of Crustacea, and of the changes they undrrgo «u thr 
course of development. 


In lhr nr\l live* chapters the Crustacea are classified 
according in ihrjr habitats, and those living in the 
shallow Wat pis. the* depths* and thr surface of the 
ocean, in thr fresh waters, mid on land, urn discussed 
in turn : while u separate chapter is devoted m the 
curious forms dial live as parasites on, or as Associate# 
with, other animals. The last two chapters deal 
respectively with the Crustacea as they affect man, 
and with the past history of the group its revealed 
hy fossil remains. 



C’.HAITKK [I 

THE I.OHSTKR AS A TVI'K <>!• i KUM A(‘KA 

T HE most noticeable f«*:iltirc? distingm'diim: the 
Lobster 1 {Eig. i) nt first night from oihrr 
familiar animals is llu: jointed shelly armour that 
encases its body and limbs. Over the fur** pail <<f 
the body this armour is amlituum-s forming <t ■dttrld, 
or carapace, which projects in front, IkTwo n the 
eyes, as a toothed beak, or rwlrnw, on the Inmlrr 
part—the tail, or abdomen —it is divided into n\ 
segments, or somites, connected with r.»« h oilier |»y 
movablo joints. Each of these somites mrrie* on 
tho under-aide a pair of fin-like limits, nr unmmetet., 
the last pair of which (uropods) are much hrrgrr titan 
tho others, and are spread out at the sides of a middle 
tail-plate, or Iclsmt, forming wlmt is known as the 
/(u7-/<iu. Since the fore part of the Iwnly id.t» has ,% 
series of paired limits, constructed, a?, will be dam n 

1 Tho account given hero of the tiruitmr of ihr I hUmci 
applies almost equally well to the River Crayfish nr Ote Sniway 
Lohstor. The student is recommended in Mtow the <le»r<ptmii> 
with n specimen of one of these animat* before him. 

6 



lalcr, on dm same plan as dm swimmciinlK, il in 
mm hided dial this p.ni also is limit tip of somites, 
which have become soldered Ingedicr. That this 
com lusifHi is cnruTl is shown hy comparison with 
fuiim* of tIn- ImviM (hustacca in which this part of 
the hotly \h divided up into eight separate somites, 
Jikr thost' of die abdomen, cadi c arrying, in place of 



1 II, I I u? I MhnirH (Hfnun rn /,M»iJrfrrof il, IfcMALM, 

t p 11y im* sici-. < I imiu MrllUli C iuIuo ) 

t) it' ■'wimincivl*, ii p.iii nf walking In front of 

llit ’ir t’lulii somites, formiiiK whul in railed the thorax, 
in iltt* licit*I a pail of the body which is never, in 
tiny t'ruMmran, luoken up into distinrl somites, hut 
whit It, 'ant e il tarries five pairs of appendages, must 
rornist of at least live somites. The pari of the 
body covered by the Lobster’s carapace included 
both ihc head and llie thorax, and is known, there- 
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fore, as the cephalatharax. It is necessary (o hoar in 
mind that the pails of the hotly to which the mime« 
head, thorax, and abdomen, are applied in ( niM.io'.i 
arc by no means exactly c<|iiiv.ilcnl to those whi« h 
bear the same names in Inserts, fur example, 
that, beyond a rough similarity in |wtM(inn, tlr-y 
have no sort of relation to the parts s«» mimed m tin- 
body of a vertebrnte animal 
There are altogether twenty pairs nf appendage, 
attached to the body of the Lolmlei. In hunt ..f j|, r 
head are the stalked eyes (of which the nature W JI ?«• 


discussed later) and two pairs nf feelers the ,mu„ 
tittles and antenna (sometimes tailed tin- hr ’4 ,<n« I 
second antenna;). Near the mouth nit the im.lrr. 
side of the head are three pairs nf jaw-iipprndugrs 
—the strong mandibles «nd the flattened, 
maxilMm and maxilla, Ftillowing these me the 
appendages of the thorax, of which the m.i ilurr 
are intermediate in form liclwccn tin* true j.,w, mtd 
the legs, and arc therefore termed font-jaws, ,,r 
maxillipcds. Tho remaining live pair., nf thm.,, u 
bmbs are the legs, the first pair ft.rmin,; the 
and powerful pinccr-claws, or while ,|,r 

others are the walking legs. The si* pans „f 

swimmercts on the abdomen have already Urn 
mentioned. 

If one of tho somites of the abdomen he separated 
fro™ h 0 o, hore . it W «11» 

‘ ’ Wl) ' n ”S' 10 “"id, Ulc Mr 




attached, wide apart, on tin- underside, The. arched 
upper part of I he liu^ is known as the /nft/n/i, and 
tin* more llutlrued nuder-patl as tin? s krnuttu On 
each side the trittmu overlaps the sternum, ami 
lianas flown a*; a sidrdlap, nr On the 

upper side* of the abdomen 
the Irr^a of tin- somites 
overlap, the front part of 
earli heitii; pushed under 
(In- letfpim in front when 
the abdomen is Mtlai^hl 
eued, ami only exposed In 
view when the abdomen is 
heut, lU-low, I lie sternum 
of each minute is seen to 
he only a uai row hat, mu 
net ted with those in flout 
and behind by soft mnn- 
bintie, ami thru* is nnnvei* 
tappmy. At the titles the somites tire, connected 
to^rlher by Inujp- joint *, wlueh allow litem to move 
only in a veil it al plane, Urns the abdomen can bu 
ftlniitthlriird out or bent downwards and fnnvards, 
Iml uiiiiint be moved foan side to side, in life the 
bobbin ran swim backwards llmui^h llu? water by 
vifjntoiisly flapping the abdomen, 

The t atapiiee whirh rovers the upper side of Ihu 
brad and thorax fa not funned, m mik'ltl be ihmif'ht, 
dimply by the let>;aof the ncintilrn Ikh:< Jilting soldered 
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together. This is shown l>y a rtuupalis.m "i»h 
certain shrimp-like Crustacea (Mysuiitit <tl in »lti» l« 
the carapace arises, like a fold of tin? skin, from tb< 
hinder edge of the head, and envelops, like a 
jacket, the distinctly segmented thorax. In lh< 
Lobster this fold has become adherent to the 
thoracic somites down the middle of the back, hot 
at the sides it hangs free, enclosing on eaih side 
a cavity within which lie the gills. 

It seems at first sight strange to include in the 
same category as “limbs” or " appendages " organ* 
which differ so much in form and function a-* d<» 
the swimmercts, the walking legs, the jaws, and tin 
antenme. Nevertheless it can easily he demon, 
strated that all of them are constructed on tlu* same 
general plan, and arise in the embryo from rudiment* 
whicli are, for the most part, exactly alike, Tint i* 
expressed in technical language by saying that thr 
appendages of the whole scries arc Iwmofagtw with 
one another. A full discussion of this inierming 
fact would require more space than can lie devoted 
to it,here, but a few examples may be given to illus¬ 
trate what is meant by the “serial limnology ” «d 
the appendages in Crustacea. 

If one of the swimmercts bo detached frmn thr 
third abdominal somite, it will be seen Umr. 2 j 
consist of a stalk, known as the prolopmlik, Waring 
two branches, of which that on the outer *nlc n 
called the exopodiie , and that on the inner Ride the 


cndopodile. The protopoditc consists of two seg¬ 
ments, the first very short, and the second much 
longer. It can easily be seen that the side-plates of 
the tail-fan (the middle plate, as already mentioned, 
is the tclson) are simply the swimmerets of the sixth 
abdominal somite. They are much larger than the 
other swimmerets, and have the endopedite and 
exopoditc broadened 
out into large plates; 
while the prolopodite 
is very short, and not 
divided into segments. 

If now the third max- 
illipcd (Fig. 3) be ex¬ 
amined, it will be found 
that, like the swim- 
meret, it consists essen- 


Exopod it* 



Prolopodita 


Cjiifioriitr 


Flo. 3 — Tiiiiu) Maxillifud of 
Lobstkk. (From British Mu¬ 
seum Guide,) 


tially of two branches springing from a stalk of 
two segments. The exopodito, however, is much 
smaller than the endopodite, and it ends in a flexible 
lash made up of many small segments. The endo- 
poditc forms the main part of the limb, and has 
live segments, so that, with the two segments of the 
protopoditc, there are seven segments in the main 
axis of the limb; the second and third segments 
are partly soldered together, but the line of union 
can bo plainly seen. Attached to the outer side of 
tho first segment is a membranous plate, known as 
the epipodile , on which is inserted, near its base, a 



brush-like structure, which is one of the K< »• 
the natural position the cpipodite and ils ft' " 
the gill chamber, hidden from view by the 
of the carapace. 

The legs (Fig. ,|) can, without difficulty, hr 
to consist each of seven segments like tin...- of llm 

maxillipeds, bill there 
is no exopodile. In the 
young Lobster, when 
A 'Sj* * vs. just hatched front the 
IjJ yy egg, however, c.ieh of 

// // the legs has a large 

(J Af exopodile like (hat of 

r* the third maxdhped, 

'vV These exopodile#, whrrh 

u) r VI arc used in swimming, 

/ ' arc afterwards Iml a-< 

1 ? IG. ,\ —Walking Lxcm or the animal grows; blit 

A, Of first pair; 1), of ihtril jmlr P"*" 1 * ln lhi * 

young is interesting «•» 

confirming the conclusion that the legs, like the 
maxillipeds, aro built on the same plan as the swim- 
merets. The large clawB, and also the first ami 
second pairs of walking legs, end in pincers, or 
the penultimate segment projecting in a thumb-like 
process against which the last segment works. Kadi 
leg, except those of the last pair, Ims on its first 
segment an exopodite with a gill like those of the 
maxilliped. 




Kto. 3 * -Awknuacikh ov Lohstkk in Front oi* Third Maxilmi'KD 

* A, ICyo sialic; U, imionmilu; C, antenna (iho flngollum ia cut short); 

1), mandible; It, mnxillula; F, maxilla; (i, Aral muxillipcd ; 11, 
second mnxilllpod, Kiulopodilo ; ep, oniporitto ; ex, oxopodite; 

p'nathnbaBQs, or jfiw-platos; /*, palp of mandible; sc, scapho* 
Kimlhiio 



while the two segments of the protopoditr become* 
flattened and broadened imvards to form tin* pm- 
plates. The mandibles (Fig. 5, 1 >>. which air ilir* 
chief organs of mastication, consist mainly of tin- 
much enlarged basal segment of the jitotnjKxIilr. 
with a strongly toothed inner edge, where it work. 
against its follow of the opposite side; and tin* i« 4 
of the limb is reduced to a small sensory |ulp,“ 
which represents the second segment of the prntnjo- 
dite and the endopoditc. 

The antenna; (Fig 5, C) can he shown, without 
difficulty, to conform to the stum* plati of nm, im. 
as the other appendages. The two segment x of thi 
protopodite are short, (ml distinct; the rmlop»dUr 
forms the long Insli, or Jhif'cllum, composed of v . t > 
numerous small segments; the exopnduc hi |, du. r.l 
to a small movabjo scale or spine. 

The antcnnulcs (Fig 5, Jtj seem at first -.rgbe j„ 
present the two-branched type of sirijitnr.- u, »{., 
simplest form; but there is considerable dnobi .in 1,. 
whether the two lashes which each hears »m a ihi, #-. 
segmented stalk aro realty equivalent to thr cinl,.,«,. 
elite and exopodile, 

Tlio movable stalks which curry (he eve* (Fig. *1, At 

have been considered by some to belong u, n u , 
of the appendages, and to be, in fact, nu.dif.rd Nrr.l». 

If this be the case, wo have here the greatest mmph. 
ficauon which the limb undergoes in the Lobairr, U,t 
each eyo-stalk consists only of two segments: the 
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the ft»ini nf a short cylinder, having the eye at 
its end. *1 here are, however, reasons for doubling 
whelhri the eye-stalks art' really appendages. 

The land outer covering of llie' Lobster not only 
protects and gives snppnit in the internal organs, 
bul also rdf»»nL points of allai hmeni for ihe muscles 
by means of wliii li the animal moves. In other 
WMid’«, ii plays the part nf a skeleton ; bul since, 
iinlikt* the skeleton of vertebrate animals, ii is outside 
iiiMeud «»| niso/r the soft parts of the body, it is 
Known as an rM'skrlt'tnu, (Moser examination shows 
lliai tins miter covering is really eonlinuons over tin 1 
whole of ilte liody and limh\ but is thin and soft 
at the |ojnfs, allowing (he pails (n move one upon 
.timthei, It is < onipoa d o| a horn-like substance 
known as i/uY/u, which, except at the joints, is 
hardened by the deposition in it of rarboimte rind 
other salts of lime. 

As this external c oveting does not inc rease in size 
after it lias been formed, and as it eannot Hi retch to 
any great extent, the Lobster requires to east its 
shell nf intervals as it grows. In this process of 
mew/foig the integument of the hack splits between 
the cat apace and the 1 Ium abdominal somites The 
body and limbs are gradually worked loose and 
withdrawn through the opening, leaving the cant 
shell with all its appendages almost entire. The 
new covering, which hud been formed nndmmulli the 





old before moulting, is at first quite soft, nml tI k- 
animal rapidly increases in s ixc awing to tin* ,ilr,ot p. 
tion of water. The shell then gradually hardens by 
the deposition of lime salts. 

The internal anatomy (Fig, (>) prawn in many 
of interest which can only he briefly touched <>n hi re 
The food-canal consists of a short gullet leading m(., 
a capacious stomach, from which the straight m 


Opening of (fuel 
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l'.o. 6_D.88HCX.0N or Mm h Umim. 

ltrill»li Muncunt (lulilr.) 

testine runs to (ho vent on the underside of t| u - 
telson. The stomach has a most remarUble „ M(t j 
complied structure, ft consists of two , Imml^n 
a larger in front and a smaller behind, whit |, .ur 
lined by a continuation of the chillmro, 
covering of , e W y. This cl.iiinm,* | m ,ng ,, 
thickened tn placoa to form a system <,f plat.-, 4 «.l 
overs connected with three strong teeth L, lilr 

tarrow opening between the two chamber*. |» y 8t(r 


iiuKui oi muscles uituciic.u in certain ol these plates 
llic teeth work together so ns to divide! up tlio food 
mnit! linrly than luul been done by the* mandibles 
and oilier jaws. The whole apparatus, in fact, serves 
ns a kind rtf gizzard, and is known as the gastric 
mill. 

A siimll part of the intestine at the hinder end is 
lined, like the stomach, by a continuation of the 
chitinnus covering, which is turned in at the: vent. 
This lining and tlmt of the stomach, with the. platen 
and teeth of the gastric mill, are rant mid renewed 
when the shell is moulted. 

On curb side of tho fomi-miml in the thorax lies a 
large mass of soft tissue, yellowish .green in colour. 
This is the iligtslive gland, or fl liver," which secretes 
the digestive juice, tlisehrirging it into the food- 
canal hy u shod duct on each side jant liehind the 
stomach. 

The heart lies in the middle of iho buck, just under 
the hinder part of the rmupace, and given off, in 
front mid behind, a number of arteries which carry 
the blood to the varionn organs of the hotly. h‘rom 
llui smallrr linmehes <»f these arteries the blood 
passes, not. as in vertebrate imimnhi, into capillaries, 
Iml into the spaces lying between the organs of tho 
body, nnd it limls its way buck to the heart, not in 
ddinila veins, but by ilbduliued venous channels 
which open into the pericurdimn,nr space surround- 
ing the heart, brain the peiienrdium lliu blood 

t 





enters the heart by six openings in its walls each 
guarded by n pair of valves which rinse when lhr 
heart contracts, and prevent the hlnnd from returning 
to the pericardium. 

The venous channels which convry (In- b|n«»d 
back to the heart are so arranged that ni"M nf tin- 
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blood passes first through the gi//s, for ihr< purj 
of respiration, before it reaches Ilia heart ami ir. 
again distributed through (he body. These gills 
as already mentioned, lie in the two hranelmd 
chambers under the aidedlaps of the carapace 
(Fig, 7), and are attached, some to the cpipwlitr-i 
of the thoracic limbs {as described nbovel. und 
some to the soft membrane of the joints between 
the hmbs and the body; while others are attached 


somewhat like u bottle-brush in slmju*, consisting 
of n mutral stalk set round with rows of soft hair- 
like processes. As tilt; blond si real us through dm 
minute channels inside these filaments, il is separated 
only by a thin membrane from the, surrounding 
water, ami the alisorplion of oxygen find discharge 
of carbon dioxide ran go on easily. I*or (his purpose, 
however, il is necessary dial the water within the 
gill chamber should he constantly renewal, mid this 
is effected in tile following way: the front part of 
the, gill chamber forms a narrow channel running 
forward under the side*wall of the carapace. 
Within (his channel lies a large plate known as the 
MtiphofiimthiU, atlaelied to die miter side of the 
maxilla, which during life is constantly in move¬ 
ment, causing a cmrc.nl of water to (low forwards 
through the channel. The water enters tin* gill 
chandler by the narrow slit-like, space between the 
lower edge of the carapace and the. liases of the 
legs, and is discharged in front at the sides of the 
head, where its movement is helped by die vibrating 
exopmhtes of the maxillipeds. 

At tile sides ol the stomach, in die. front part of 
the head, lie a pair of glands which, from their 
colour, are known as the gw/i g/mids. These arc 
the excretory organs, corresponding in function to 
die kidneys of the higher iniinirds. ICiicIi Ims con* 
netted with it a thiu-wiilled bladder, which opens to 
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the outsido through a snml! perforation mi the 
under-sidc of the first segment of the antenna. 

The chief part of the iimwis system is lheveulr.il 
nerve-chain, which runs along the umler-sule of the 
body. This is a long cord having ill intervals a 
scries of knots or swellings, the ganglia or nerve- 
centres, from which nerves are given off to the 
appendages and to the organs of the hotly. In the 
hinder part of the thorax and in the abdomen there 
is a ganglion in each somite, hut in front thrse 
ganglia become crowded together tuul male-red, >«» 
that we find only a singlo large ganglion, rnrrcnpond- 
ing to the somites from that of the mandible?* to 
that of the third maxillipcd. Holween the gauglu 
the cord is really double, although for the grr.ii, i 
part of its length the two parts are more m It-,* 
completely fused into one. In front of the head and 
above the gullet is a ganglion which sends nerves to 
the eyes, antennules and antenna:, and is known li¬ 
the brain, although it is, perhaps, Imidly so important 
as that name would suggest. It is connected with 
the ventral chain by two cords that pass on either 
side of tho gullet. 

The eyes, as already mentioned, are act on movable 
stalks, so that thoy can bo turned in any direction at 
the will of the animal, and arc of the typo known n« 

" compound oyes," If t) le convex black area m the 
end of tho eye-stalk be examined with n strong fens, 
it will bo scon that tho membrane which covers it is 



hi vim u ii]i iimi u urumiimiy 01 mjuiuc 

facets. This membrane is a thin and transparent 
Continuation nf tin? rhi1 1 ncnis covering of the body, 
and if it be stripped riff and examined under a micro- 
scope, it will la? found that each facet is capable nf 
acting ns a lens and forming an image of external 
objects. It is not to In*. aupposcd, however, that the 
Lobster sees n separate* image in earh of the facets, 
some thirteen thousand in number, which go to 
make up each eye. tu the interior of the. eye, at 
some distance from tin* surface, are a large number 
of rotldike bodies, connected with the fibres i»f the 
optir nerve, and believed to lie the actual organs for 
the perception of light. Knell rod corresponds In 
one of tlii! fm els, and an it lies at the bottom ol a 
limit conical tube, nl which the walls are covered 
with ilaik pigment, it can only receive light from a 
single point in line with the axis of the tube. In 
this way the image of any object will be built up, 
like a mosaic, out of the impressions of light and 
darkness received through the separate facets, and 
hausmiUcd to the underlying rods. It has I icon 
shown in some Crustacea that, when the animal in 
in n very dim light, the emtain of pigment separating 
the tuhcrt is partially withdrawn, so that the light 
from each facet can reach, not one, hut several rods. 
In llti* way the images of oltjcelH received arc much 
brighter, although they arc leas slmrply defined. 

It might he thought that in animals like the 
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Lobster, enclosed in ft hard aholly c:r»vf»rin*», the wnir 
of touch must be very dull, if not altogether absent. 
This, however, is not the ease. Wlml is probably a 
very delicate tactile sense is provided for by the 
numerous hairs which arc found, of many soil** mid 
sixes, all over the body and limbs. Knelt nf these 
hairs is really a hollow out growth of the diitiunm. 
covering, containing a delicate prolongation of the 
soft tissues underneath, and also supplied, in many 
if not in all cases, with a ncrve-libre, so that the 
slightest movement of the Imir emitted hv contact 
with a solid body is perceived by the animal. Many 
of these hairs aro themselves head with delicate 
secondary hairs, arranged so that the whole h.i.U 
like a feather or liko a bottle-brush. These li.irt-, 
arc adapted for detecting alight movements m vil.r.i 
tions in the surrounding water. 

Whether Crustacea living in water e.ut lion, nt 
the senso in which the word is used of animal > 
living in air, is doubtful j bill it is certain that they 
aro extremely sensitive to vibrations only a little 
coarser, so to speak, than those we know as sound. 
The Lobster, and many other Crustacea, tin indeed 
possess a structure which was long supposed to he 
an organ of hearing, and may possibly in part full'd 
that function, although it is now known that that in 
pot its only or oven Its chief use. It consists id ,, 
small cavity in the basal segment of the slalk of the 
antennule, opening to the outside by a narrow sin 



lint'll l»y ti delicate continuation nf ilur cliilinous 
loveiinp of tin* Innly, ami lias on its inner surface a 
series of feathered hairs of the kind described above, 
which arc richly supplied with nervcdibrcs from a 
larpe ttiTVc cnletiiip the hast* of the nutcimulc. 
Within the cavity, anil for the most part eulunpled 
rimoiip these hairs, arc a nunihi-r of (trains of sand. 
When the Lobster moults, the lining memhrane of 
this cavity is thrown off like the vest of the exu- 
akelclnu, and with it the ronlained sand-prams. 
While the shell is still soft after nmulliiip, and the 
lips of the slit are not ripid, as they afterwards 
hefome, fresh Hand-Plains lind their way into the 
cavity to lake the place of those which have heeu 
cast oil. I’eihaps, like some other Ciuslacea, the 
Lobster limit-, its head in the sand to insure that 
some plains may liinl their way in; Inf its piuceis 
me too clumsy lor it Vo pick up sand-pudus and to 
place them in the cavity, as some Puiwns have been 
seen to do. At all events, if a fleshly moulted 
Prawn he placed in a vessel of sca-waler, and 
supplied, instead of sand, with powdered plans or 
metal lilinps, particles of plans or metal will after a 
short time lie found in its anlemmlar caviticH, This 
habit has been utilized in a very inpeninust experi¬ 
ment by whit It the function of these tirpans was 
demonstrated. A Prawn had been induced in this 
way to place particles of iron filiupH in the cavities, 








and a strong electro-magnet was brought near the 
side of the vessel in which it was kept, tl was 
observed that the Prawn, which h-.vvl been swimming 
in the usual horizontal position, at mice turned tin* 
undcr-sideof its body towards the magnet, and swam 
about on its side as long as the magnet was in 
action. When the current exciting the magnet wan 
cut off, the animal resumed its ordinary position. 
This experiment shows that these organs, to with h 
we may now give their proper name of 
are organs for perceiving the direction of the foicc 
of gravity. The magnetic force acted on the 
particles of iron in the same way that the ft live of 
gravity acts on the sand-grains in normal condition*., 
and the Prawn felt the weight of them, so to speak, 
pulling towards the side instead of the bottom 01 
the vessel, and turned its body accordingly, to swim, 
as it supposed, right side up. It is now known that 
those parts of the human car called the " semi¬ 
circular canals” lmvo a somewhat similar function 
as “organs of orientation,” although to attimnh 
walking on the solid ground this function is not so 
important as it doubtless is to animals swimming in 
water. 

The sense of smell is boliovod to have its scat 
chiefly in the antcnmdoa, The outer branch of each 
antennule bears tufts of peculiar hairs, in which the 
chitinous covering is extremely delicate, bo that sub¬ 
stances dissolved in the water can easily pass through 





known as 11 nlffit'tnry likunriiK" 

Thr srnsr nf (a\ft jo agnatic animals is, pm hups, 
not sharply thTmnl from that nf ranrll, Iml il is 
mil wry rash it« asunnr that mlaiu liaiia mi the* 
mouth parts .mil mi flu* llrshy upprr ami Imvrr lips 
whirh hmunl tin* nprnin^ f, f the* mmilli huvr to i|n 
spmally with this srusn 

Thr trluliw impmlum r of ihr vuiinus in 

ihr I.ohstn is wrll ilfiistlatril in thr Mlnwillj.; ai * mm! 
nf its habits f»ivrn by lb. II. l\ W illiamson m tin* 
Krpml nf thr ^tolli'h hisliny lloutd fm t*io|, 
Aflm nolidnj: that, in daylight at hast, tin* l.nlntri 
apprara to hr M pmhhnd, 1 ' milv ilistini;m »li»n^ hjdil 
from shadow, lb - . William on mi: "It trsp* 

a slnulow with its uuiriimr, or r«mnrlnm*. ( win 11 a 
strmirj shallow is thrown mi it, it jumps ,»t it with 
its rhrhr oiitslrrti hnl amt snappuu;, 1 * »*i «h jm mlrmt 
on its anlrniur fur jpiidinj; it in *ulr plan s. It 
is rsprrially nurful in \v -.1 in>; any Imlr Mmr ii i% 
satiilimt with it. It ilisruvrls thr e avity hy inraiis 
of its ruilmmu, whirl: is waved wrll mil to thr *mh* 
ami in front as it walks. It him 11 Ins Ihr inurrimnt 
drplhtiuf thr hulr with thr alltrinm, iiml thru nisrrts 
its chela. If ihr r\amin»ition with thr 1 hrla i* aho 
nuthfaiiory, it immrdiulrly turns ami kirk* smartly 
into lha hnlr. In frrdmtf it in jpiidrd In thr food hy 
llm antrmiulcN. A pirn* nf haul whirl: is diopprd 
near 11 l.ohsUr muy full qmu* uuuulurd uulwi it 
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happens to touch the aiitemm or the [leg«j|, It is 
not seen at all. Hut sooner or later, iicnuding n*s 
the distance is short or great, tin: scent of the food, 
carried by the currents set up by the exopoclilrs of 
tho maxillipeds, reaches IIjo Lobster. The I .ulnta 
is immediately excited, although previously it was 
lying quite inert in its hole. It whips tin- wain 
with its antennulcs in a staccato fashion, ami feel-, 
about with tho antenna; and chclm, at first without 
leaving its hole. At once both autcumilcs urn •«rn 
to be whipping in lire direction in whir h tin- fn <«1 
is lying, and an active search is made with ihr 
antennre. If they do not succeed in locating the 
bait, tho lobstor rather reluctantly leaves in h«.|e, 
but cautiously, feeling all round about with it* 
antenna:. It goes off straight in the direction m 
which tho food is lying, and, if it misses it with its 
antennas and chela:, walks over it and gets it with 
its chelate [walking legalj it usually picks up m. 
food with the second [walking lcg|. Meanwhile 
the expected feast has by association stimulated the 
maxillipeds, which arc actively working as if tiny 
were already masticating the food. Once the Uni 
is seized it is convoyed to the maxillipeds, ami the 
Lobster retreats to its holo, there to enjoy its meal." 

Lobsters, like most other Crustacea, are of separate 
sexes. The females (sec Plato 1 .) may he dislii* 
guished from tho males by the fact that tins abdomen 
is broader and has deeper side-platus, and by differ- 











In llitr lem.da tli«' lir^t pair, which have only one 
launch, arc short and slnidei lihtmrhls, while in 
the male they air stout and pn uliurly twisted inch. 
The second pair in Ihr frm.de are similar in form lu 
Uu! mir reeding pail 4 *, hul in tin' male they have nil 
additional lobe mi thr mnri hum It. The openings 
of llii' K‘nrtaiivr mg,tu*. will hr fmmd in I hr nmlr 
I»U the hasal ♦r^mrnpi nf I Ilf lust pair nr lrgs, whilr 
in tlir friii,dr they m r npy tllr sainr position un thr 
\ryn id Ihr luM pail hill, two. Thr Irsth of I hr llinlr 
lirn in thr thorax, jusi! below llir heart. ’Mir ovary, 
whic h has thr same juration in ihr female, h usually 
iittii ti itiMir i Miispu Ufiipi, and limn its ird colour in 
tllr rooked Inhaler it m known hh llir 11 mini. M On 
tlir iimlrioidr of thr thorax of thr fciimlr, between 
thr Iasi two paitfi of legs, is a ihrer-lohrd structure 
rm losing a Cavity Known us thr M s|»miMc , rrpUldr. M 
Its (nmtion is let receive tlir lertili/iliK huIiMMICc 
fimn thr nmlr, and It* irtnin it until thr eggs fire 
triicly to hr deposited. 

In ll hi l.uiistrr,as ot many oilier (VuMncru, thr 
rgga air ramrd hy llir fcnmlr until they hatch. 
After hrin^ extruded from Ihr oviducts, they arc* 
attached hy a Kind of cementing substance to thr 
swim incu ts, where (hey hung in bunches, The 
sun mm err In are kept constantly moving, no 11 ml the 
eggs may obtain the oxygen nucummry for iho de¬ 
veloping embryos within* A female Luhcior currying 





eggs ia this way is said by tins fishermen bo "in 
berry," and may carry, according to its si/e, from 
about 3,000 to nearly 100,000 eggs. A period <>l 
about ten months elapses between the deposition 


of the eggs and hatching. 

The young Lobster when 
differs considerably in gems' 



KlO, 8—1‘lKhT Larvai. Stags uh 
T im Common I-ohstbh. j. 
(Alter Sms.) 


first hatched (big. .Hj 
appearance from the 
adult animal. The 
abdominal somites 
have: a row of spines 
down tile middle of 
tbe bark, and (lie 
lelson lias a forked 
shape. Then* are m< 
swimmeiets, bill, a*. 


already mentioned, lire legs bear large exupodites, 
which arc used like oars, ami by means of 1 (»•*.«■ 


the larval Lobster swims about at the smf.uv of the 


sea. The claws or cliche are at first loudly huger 
than the other legs, but later they increase in >,wc. 
the swimmercls arc developed, the cxopmhu* of 
the legs arc lost, and the young Lobstei, sinking lo 
the bottom of the sea, takes on the creeping 1mI.ii-. 
and gradually assumes the shape of the adult. 

In many Crustacea the changes of shape nr meta¬ 
morphoses undergone after hatching ate mm It 
greater than in tho Lobster. Some of these change, 
and their probable significance will be considered nt 
greater length in a later chapter, 





Till’ two thiUsof llir I.obvfrr (*frr l’Jalr I.) 
ale not iplilr alike in si /r nr m shape, The smaller ] 

uf lit r two has ihr inner rd^es of llir lingers sharp 
and set wilh saw like tivih ; Mir lai^-r lias (he j 

Iiurcis aimed wilh Muni jnmidcd knobs, The* j 

lut^rl rlaw r* adapted hu uudlinR file shells (if the! j 

aniumlson ulti» h (hr l.nhMrr feeds while the smaller J 

wives |ut h"ldiuR anti leatiiiR llir jury. In the 
I 'iil’Mer, as mi many uf the higher ('ruHlnera in which j 

I hi*. u.vmmetiy nrrms ihe larger rlaw may hr I 

imlillrtmllv nit rilhci shield ihr body. Three nre ; 

t (il.un riiM s, however, anions Crahs where Ihr lur^e 
rlaw is t uinluitlly tm llir same side of Ihr- I indy* nr, 
in Mlliri words all llir iin f« vicln;i In air either fifth! • 

Imiulrd Ml*. MiMir lately, left handed J 

U a l.obslri hr ruiifthl hy nnr nf ils i laws or hy a \ 

left. it very teaddy par I a wilh (hr* limh in i(s fUniftftlrs . 

In rwapr ; ami if nnr uf the limits he crushed or \ 

otherwise injured, it is nfim cast riff hy ilm uiiinml. ; 

The separation always lakes place ill (lie Mania point, \ 

near Ihr base uf thr limh, and is nnl. simply title to i 

tIn- limh liiraking at ils weakest t>arl. It is a rMlcx ! 

mil hioiifthl about hy a spasmodic. rnutrartinh of | 

wimr nl ihe It>: musc les. At the plat e of separation, 
cnnespnmhiiR lo the junrlion uf the second and 
third segments of llir limh, which, as already men- j 

tinned, air soldered lordlier, the internal cavity is j 

crossed by a irunsversr partition, liavinR only a small j 

aianturo in llm cunt re through which the nerves and j 




bloodvessels pass. When iho limit is east riff, this : 
small opening quickly becomes dosed l»y a dot of 
blood, and further bleeding is slopped. If, u*r some¬ 
times happens, a limb which has hern seriously 
injured is not cast off, the animal not infrequently 
bleeds to death. This power of self-mutilation or 
autotoiny, as it is called, is frequently used by Crus¬ 
tacea as a means of escaping from their enemies, 
and is closely connected with the power of 
Iion of lost appendages. Hcneatli the sear which 
forms on the slump of a separated limit a <»u( of 
bud grows, and gradually assumes the f<«riii of the 
lost segments. At the next moult tins straightens 
out, and, increasing in size at .Hiirrmling moults, it 
ultimately provides, in norma! eases, a new member $, 
similar in every detail to that which had been 
Occasionally it happens, tinder nreuniHljimc, not 
yet altogether understood, that the pr,tress of re¬ 
generation may, so to speak, go wrong, and in this 
way various malformations and abnormalilies result, 

For instance, it has been found llml, if the l.trgn, 
crushing claw of a very young Lobster be removed 
by operation or by accident, the limb which grow-, 
in its place may assume the form of the smaller, * 
toothed claw. Further, in some other ('rm»Ui<ra 
(but not in the Lobster, except in the very youngest 

stages), it is found in such cases that, after re.. 

of the largo claw, the claw of the other side attaumrs 
at the noxt moult the form of a crushing daw, so 
that thero is a "rovoraal of asymmetry." 



a Kim innrti iviu«irk;utlr. change Romnliincs occur# 
whrii nun of the eye-stalks is injured, If only the lip 
of tho eye-stalk be cut off, so lli.it tlic nerve-ganglion 
which lies in the hasal part of tho stalk remains 
uninjurcil, il will lie found that n normal eye is in 
course, id lime regenerated. If, however, llie. whole, 
eye-stalk lie amputated, and with il llui optic, ganglion, 
there grows in its place, not a new eye-slalk, hut a 
segmented appendage similar to one of llu: llsigella of 
the mitennnles. TJii.s fuel is considered hy some 
zoologists to indicate thill the eye-stalks are, like ilia 
nnlenunlcH, true appendages, homologous with ihe 
mouth parts and limhs, lint this is a much-disputed 
ipiesliou into which we. cannot enter furlher here. 

f.ohstcrs valy a good deal in eolour, hut us a rule 
a living I.nhslcr is of a more or less iuntiled dark hluc 
lirconiing nearly Id.iek on the hack, and shaded off 
into orange yellow or n il on the muler-side. This 
enlnr.ilinu resides in Ihe shell, and does not change 
much idler llu; shell has hardened. In this respeel 
the I.nhslcr is unlike many of llu; smaller C.ruslsu ca 
which have a thin and more or less transparent 
exoskeletnii. and in which the:colour resides in certain 
living cells (ehromatophores) of tho underlying 
skin. Many of iheae (‘ruslaeca possess tho power 
of changing llieir eoloiiis lo a remarkable degree, 
by ihe expansion and eontraelion of llie branched 
ehromatophores. 

The ipiesliou whicli is often asked, " VVliy does a 
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Lobster turn red vvJien it is boiled ?" is one to wlm li 
it is not easy to give a simple answer. A rlicmii al 
ebaago takes place under the inllucuc.u of heal in {Ik* 
pigment of the shell, which changes it from blue to 
red ; how slight the change is, is perhaps shown l>y 
the fact that occasionally living Lobsters are found of 
a red colour almost as brilliant 
as that which is assumed on 
boiling. 

The Common Lohstei is (omul 
on the coasts of Western 
Europe, from Norway to the 
.Mediterranean, living in shallow 
water, generally a little nay 
below low-tide mark, wlun vei 
a rough, rocky bottom afloids 
suitable lurking-places. On the Atlantic coast of 
North America, Lobsters arc also found abundantly 
in similar situations. These American Lobsters, if 
examined carefully, will bo found to differ from I In* 
European kind in certain small details of structure. 



Fig. 9— Stmt'Vntw ok 
Rostrum ok (A) 
Common I.okrtuu 

(Ilominus 

and (HJ Am kmc an 
Lons Tint (llomntt 
amtricanus) 


of which the most conspicuous is the presence, on tin- 
under-side of the rostrum, of two spines or teeth. I n 
the European Lobsters the under-side of the rostrum 
is smooth (I'ig. 9). In the nomenclature of in hnirnl 
zoology, these two kinds or species of Lobster ate uuid 
to constitute (along with a third species found at the 
Cape of Good Mope) the genus Ilomntm, the 
European species being known as Ilamttrus gum. 


fM IIP 


tum IllliWI IV.UII 


The so-called “ Norway Lobster" or "Dublin 
Drawn," which differs from the Common Lobster in 
having hu*j{c kidney-shaped eyes ;uul Umj; unci 
slender daws, and in many other details of structure, 
is placed in u distinct I'cnmuiud is known as Nrf/irops 
nanttgivus. Tim genera and AV/»/ue/>v, 

together with some others, constitute the family 
llonmmbe, which uj'ain is grouped with other 
families in a tribe, Nephropsmlea, forming a part 
of the order I>ecapodu. These ({roups are intended 
to express the varying decrees of resemblance and 
difference! in structure bed ween the species of animals 
which make up the class Crustacea, Since! we have 
({nod (pounds for helirvinj? that all these species have: 
arisen by nmue mode of evolution, this classification 
also represents the varyinn decrees of actual rela¬ 
tionship between the different forms, so far as this 
relationship can he discovered, In the next chapter 
a brief sketch of the chief subdivisions of the 
Crust ami is ('iveu, with such details as in the. 
rlmtaclerislicH of each as are necessary to render 
intelligible the succeeding chapters on their habits 
and modes of lifts 
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' ( 

„ coi*itroi)A [ 

„ ClKKIl'KUIA - { 

„ Malacosthaca. 

Series LEl'TOSTKACA - 
„ EUMAJ.ACOSTUACA. 
Division Sywaritfa 

i 

,, JWttatrifid * | 

,, Kuoiriffo - | 

n HophcxuUia 


Myiutni h)m 
I'OlIl h <HM 

Imh cipri h h\h. 
hum Ilium 
Timm* " a 
KIiuih rplml.i. 

Nt*kilin< r*i 

Aninpiibu r;i 
M rn- 
i iliiM* frt- 

Trimii'Ut rn, 

1 

Ku|iimui»iii r.i 
) in 4 I|kn 1 «i 


O CCASIONALLY there may In: found ill ruin- 
water puddles and the like, in the South of 
England, a beautiful, transparent, sin imp*like nniinal, 
an inch or more in length, to which the name tif 
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I-In, III I Ilf " I'AIHV tillKiMl 1 " (I hiif,if‘h,ilu\ ,/fii/A.iKMil, 

Mam- >. j. (After Mrtllil.) 

Tin: hinder purl of llu: body luis no uppcuditKcs, 
nnd ends in u forked tail. In the female a laitfe 
pouch luniks from llu: under-side of the hotly, just 
behind the limb-bearing pari, and is often found 
filial with e/iKS. In the male, a pair of remarkable 
look inf' appendages, eatdi shaped somewhat like a 
hand with webbed lingers, hunt; in from of the head. 
Theso are connected with the auleinue, and are 
known as the 11 diapers," from their function in 
seizing and holdiiiK the female. The eyes are set on 
movnhlo stalks. Those Mranehiopodn which, like 
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Chirocephalus, have no carapace, form the. order 
Anostraca. 

A second order, the Notostkaca, is represented 
by A pus caucnfarntis (I’Jntc II.), ivhieh nmtrs in 
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(Afloi Sara, from Unkeilor's - Tmuiw on /ooIohy "J 
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many places in Europe in ponds arid puddles, mul 
very rarely indeed in Britain. In A pus there is « 










norsai smcm, or carapace, covering me greater part 01 
llie hotly, which consists «»f ;i large n mil her of seg. 


incuts (ahoul twenty- 
eight), un<l emb he* 
hind in a pair of 
luiiguntenria-Iikc lila- 
numls. The hit dike 
fecit are also very nu¬ 
merous (ahoul sixty- 
tliree pairs). The eyes 
are not stalked, lint 
are set close together 
on the upper surface 
of the carapace. 

The third order of 
l hi* Mranchiopoda, 
the ( 'tiNoilos riiACA 
(big. 11), are not re¬ 
presented in Hrilain, 
though several 
speeies nmir on the 
Continent of Kurope. 
In these the cara* 
pace forms a hivalvcd 
shell, completely en¬ 
closing llm hotly and 
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limbs, ami closely resembling that of u small mollusc. 


The fourth order, the Ci.aikh:i<ka, comprises the 


so-called " Waler-lloas," which are abundant every- 


where in ponds and lakes (1‘ ipf* 12). "1 hey arc; all 

of small size, almost or ejuite microscopic. The. 
carapace, as in the Conchoslraca, forms a hivalved 
shell, but docs not enclose the head. There is a 
single large eye, which really corresponds to two 
eyes fused together. A pair of large antenme, each 
with two branches, carrying long feathered hairs, 
project at the sides of the head, and ale. used in 



Kio. 13 —Skisu.h or ChmiAConv Much kni ami.sk. (limn | . n „ 
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A, Phllomedes brtndii (Myodocopn); 11 Cvf’ih fnit.ihi (l'<iil<Knpn). 
C, Cyilurtis ornalit (Portocopn). «, Nnifh rfiiu,ir|rrhilr «l ilie 
Myodocopn; e, tho mod Inn oyo, «, murk of mini tiinrnl of ilio 
mnsclo connecUnff ilio Iwo vixIvm of ilia nlinll. A nml l‘ nro 
marlno species; ft Is from fresh u/Uor 

swimming with a peculiar jumping motion, from 
which the popular name of the animals is derived. 
'I here are not more than six pairs of feet. The 
Water-fleas,” of which Daftitnin (>ulex is one of (h t . 
commonest specios, arc very beautiful and interesting 
objects for microscopic examination, on account of 
their transparency, which allows many details of their 
internal structure to be studied in the living animal. 
The Ostkacoda {Fig, 13), which form the second 
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suhriass in the system ol clnssthcalmn here, adopted, 
m<i nearly all microscopic animals, and arc found 
alimidantly in fresh water as well as in the sea. The 
carapace forms a hivalved shell, which completely 
encloses (lie body and limits, and is often sculptured 
in an elegant fashion. The Oslrnroda are remark- 
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able for the very small iimnher of their appendages. 
There are mil more than two pairs of limbs behind 
(he maxilla. Most of the species me included in two 
orders, the \lyml>vttf»i and the / Wme/si, of which 
the foiliter may generally he distinguished by n 
noteli in the anterior pari of the margin of the shell 
(rig. U, A, a). In the I'tiilocafia the margin is entire. 



The subclass Coiwpoda comprises animals, for 
the most part of microscopic size, which are ubiimlunt 
in fresh water and in the sea. Tim common fresh¬ 
water genus Cyclops (Fig. i.|) furnishes n good 
example of the type of structure diameteristir of 
the class. The body is somewhat pear-shaped, with 
a narrow abdomen ending in a "caudal fork." The 
body is divided into somites, and there is no over¬ 
lapping carapace, although the head and the fust 
two thoracic somites are coalesced. There are four 
pairs of two-branchcd, oar-like, swimming feet, and a 
fifth pair, found in some other ('opepoda, is repre¬ 
sented in Cyclops by minute vestiges on the first 
segment of the narrow posterior part of the body. 
The anlcnnulcs are very large, unhranelied and com* 
posed of numerous segments; the nnleitme are 
much smaller. In addition to the usual ninudibles, 
maxillukc, and maxilhe, there is a pair of imixillipr.ls 
which really represent the first pair of trunk limbs. 
There is a single red eye in the middle of the front 
of the head. This eye is not formed, like, the single 
eye of the Cladoccra, hy fusion of a pair of eyes, but 
it corresponds to a median eye of simple structure 
which is found in the Rrnnchiopodn, Osl rac.oilti, and 
many other Crustacea, in addition to the paired 
compound eyes. From the fact that this median 
eye is the only ono presold in the earliest larval 
stage of Crustacea, the Nuuplius (see Chapter IV,}, 
it is sometimes known as the " nauplius eye." The 
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leivuuc K.yttops carries nec eggs mull tney natcu, m 
two oval packets attached to the sides of llie 
hotly. 

forming a separate order (ItKANCtmntA) apart from 
the more normal ("opepoda (order Kpcoi’ki'oiia) is 
tlie little group of the (hup-lieo, one of which, 
A 17;id io /o/imnis, is common in ICn^'luncl, living as a 
parasite cm different species of fresh-water fish, and 
often found swimming free in ponds and rivers It 
lias a broad, llal, and very transparent body, about 
Ihrcc-sixlcoiUhs of an inch in length. It differs 
from Cychf>$ in a great many points, of which, 
perhaps, the most conspicuous is the possession of a 
pair of true compound eyes in addition to the 
median eye. On the under-side of the head are a 
pair of large round suckers, by means of which the 
animal fixes itself on to its prey. A study of their 
development shows that these snckciaurn really the 
maxilhc, which in the young animal are jointed 
limbs ending in a strong claw, bill later become, 
changed into the suckers of the. adult. A sharp 
spine, which can be protruded in front of the mouth, 
is eniuiecled with wlmt is believed to lie a poison- 
gland. The eggs are not carried in packets by the 
female as in fjr/n^s, hut are deposited on stones or 
water Weeds. 

The fourth subclass, CiutumuA, comprises the 
Hanmcles and Acorn-shells. These are very unlike 
any of the other Cruslacoa, and, in fact, they wore 






long classed by naturalism with the MoIIwum. It 
was not until their larval development was made 
known that they wen: recognized as frnslaeea. 
The common Goose Harwich* (f.f/sts 
Plate III.) is found adhering In the bottoms of ships 
and to floating timber. It lias a Ih'sliy stalk or 
peduncle which is fixed at one end to the supporting 
object, and bears at the other end a shell, made up 
of live separate plates, enclosing the body <»f the 
animal. The stalk corresponds to the front part of 
tho head, and careful examination may discover at 
its end, among the hardened cement which fixes it 
to the support, the remains of the nntrnmiles by 
which the attachment of the young animal was lit *.l 
effected. Tho body of the animal within the cara¬ 
pace or shell bears the usual mandibles, maxillula*, 
and maxillrc, close to tbe mouth, and six pairs of 
long, tcndril-likc feet. These feel Imve each two 
branches, composed of numerous short segments 
and fringed with long hairs. They can be protruded 
from the slit-like opening of tho shell, forming a sort 
of “ casting-net" for the capture of minute floating 
prey. 

Tho Acorn-shells, of which one species (A'rj/.iiuo 
balanoidcs —Plate III.) i8 abundant everywhere on 
our coasts, covering rocks and stones just below 
high-water mark, differ from Le/>,n and ila allies in 
having no peduncle. Tho shell is cemented direr ny 
to the rock, and is conical in shape, like a small 

























iimpel, witn n rune m me top which is eioscci uy 
four movable valves. 

The Stalked Ibinmolrs, like f.cfrts (suborder 
/Vd»Hf«/<i/a), and the Sessile Hnrnacles, nr Acorn- 
shells, like /hi/mim (suborder Ofieradatn), together 
form the order Tiioiiacica. C)f the other orders 
which compose the subclass Cirripcdin, the only one 
(hat need be mentioned here is the Rmzot:ia , nAi.A, 
which comprises strangely degenerate parasites living 
on other Crnataeoa. 

The Cirripedia arc unlike nearly all other Crus¬ 
tacea in tho fact that, with few exceptions, they arc 
hermaphrodite, having both sexes united in each 
individual. In certain species of the Stalked Hai • 
naides, however, there are minute male individuals 
that are attached, like parasites, In the huge her¬ 
maphrodites. In iv few species the large, individuals 
only possess female organs, so that the sepuiatioii of 
the sexes is complete. 

The remarkable larval metamorphoses of Cirri pedes 
and the luodiHeafiiiiis of structure presented by some 
parasitic, forms will lie described in later chapters, 

The liflli and last subclass, Dial of the Macacos* 
i hai'A, is by far the largest and most important, and 
will reipiire In be considered in more detail than any 
of tbe others. The animals composing (be various 
orders into which the subclass is divided differ very 
greatly in structure, but they all agree in having 
typically the same number of appendages ns the 
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Lobster— namely, nineteen pairs (or twenty, il the rye- 
stalks be included). They also ni'ive in the very 
important character that the trunk limbs are divided 
into two sets, thoracic and abdominal, the former of 
eight, and the latter of six pairs. 

The lirst order of the Malaenslraca, the Ni.n.t- 
uacka, comprises a few Crustacea <*f small si/e, 



?\o. ij—Nffcnliii t»f/>rs. (l't<im Uut.rMri’. 

Tronliso on /'.twlnuy," nfior CtnuO 
Antcnnulo. antenna; iIio nlnlnniliml llmln ,i.t, 

nnisclo JoInlnK tho Iwo valves of (liti otiell. /. f-. |mI|i 

of mnxtlluln; r, rosiml pinto; f. lelwm : i-7. tt<e ween '-.initn nf 
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which differ in some very important characters from 
all the other orders. Nehalitt hi(>ts (Fig. ifih which 
occurs on the southern coasts of the Hrilish Isles, has 
a large bivalved carapace enclosing most of the 
limbs. In front, a small " rostral plate " is joined 
to the carapace by a movable binge, and partly 
covers the stalked eyes. Tho eight pairs of thoracic 
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form, resembling those of the llranehinpndu, The 
liisi four pairs of abdominal limbs urc lar^e lwo* 
branched swimming fuel, Iml lliu Iasi two pairs are 
reduced In small vestiges, ‘t wo of llie most impor- 
laut points in which the. Nchuliacea differ from all 
llie oilier Malaeoslraea are llial there arcs seven 
instead of six somiles in llie abdomen (llie Iasi 
somite lias no appendages), and llial llu: telson has 
eonnecled will) it a pair of movable rods forming a 
"caudal fork" like llial of llu: Hrancliiopoda. On 
account of llu: lcaf*like llunacic feet and the posses¬ 
sion of a caudal fork and oilier features, the Nebaliaeea 
were formerly classified with llie Ihauehiopnda, 
bill a closer examinalioii of iheir slruelure has 
shown llial lhey are. line Malaeoslraea. hi huvinj; 
an additional somite, in llie abdomen itml in other 
points, however, llu y may In* regarded as fmniinn a 
link between llie Malaeoslraea and the lower forma 
id tanslaeea, and for lliis reason they me set apart 
as a series I.ki’Iumkai a, while llie other orders 
form a series Kumai amim kai a. 

The orders of the Knnmkuoslrani, iif'ain, arc 
grouped, as shown in the table of rlassiliculion, into 
Imir divisions. The lirsl of these, the Syncahiiia, 
imlmles only one order, eompriainj; a few small 
(iruMlneea (seo b if'. K.j, p. jh.p which have recently 
hue'll discovered in flesh wilier in TftHinania and 
Australia. They have no carapace, and nil the 




thoracic somites, or all but the (list, are distinct. 
The antennules arc Iwo-branched, the aulouuu: mnj 
have a scale-like exopodito, and tlu: lust pair of ab¬ 
dominal appendages form, with the tolson, a tail-fan. 
The eyes are sometimes stalked, but in one species 
they arc sessile. The thoracic limbs, which arc not 
clearly divided into maxilhpcds and legs, ljiij a 
double scries of plate-like gills or epipoditea. <\s 
will be shown later, the living Hyncarida are espe¬ 
cially interesting on account of their resemblance to 
certain very ancient fossil Crustacea. 

The second division of the Kuinulactislrnca, the 
Peracauiim, includes live orders, the members of 
which differ very greatly in appearance. They all 
agree, however, in certain important points of struc¬ 
ture, of which the most conspicuous is the posses¬ 
sion, in the female sex, of a brood-pouch for carrying 
the eggs and young. This brood-pouch is formed 
by a series of overlapping plates attached to the 
bases of the thoracic limbs. 

The first order of tho Pcracavida, the Myhiiucka, 
consists of small, free-swimming, shrimp-liku animals 
(Fig. 16). Many species are common in the sen 
round the British coasts, and from their possession 
of a brood-pouch, in which the young are carried, 
they are sometimes known as " Opossum Shrimps. 1 ’ 
The eyes are stalked, and the carapace is well 
developed, although it does not unite with all the 
thoracic somites. The antenna; have a llulteiicd, 
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animal lialancnl in swimming. Only tint: pair of tlu: 
thoracic limits arc modified to form maxillipeds, and 
all llu: lej;s (as in the larval Lobster) have exnpodiles 
which form llit: chief swimming organs, Tile mo- 
pntls and lelson form si “(ail-fan." One of the most 
(•m inus points in the or^um/alion of some Mysidacea 
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is the possession of it pair of siatoe.ysls in the endo- 
podites tif the nropotls. Kaeh stiiloeyst consists of a 
small cavity conlitiniin; a rake-shaped concretion 
known as a " statolith," ivstim; tin a (jronp of 
sensory hairs. Thtue is reason iti believe that these 
organs have the same fimelion iih the Hlalocysts of 
the I.tihsler, althiHiKh they are placed at (he other 
end of tlu* hotly. The. statolith serves the same 
purpose aa tlu: fmn<l-Kmii»H found in the Lobster's 
slalocyst, aldituiL'Il, nnliku lltcae, It is» not introchicod 








from the walls of the sac. 

Most of the Mysidacea have no spi nal organs of 
respiration, that function being discharged ins in 
many of the smaller Crustacea) by the 
surface of the body, and especially by the thin 
carapace; but certain deep-sea Mysidueca ll'ijj. 17) 
have tufted gills attached at the base of the thoracic 
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Zoology," after Sars.) 

gy* A groovo dividing tho lam abdominal Romliu 

legs. In all eases the maxillipcd has a phite-lik« 
epipodite, which lies under the side-fold of the cara¬ 
pace, and no doubt assists respiration, causing by its 
movements a current of water to 11 mv under the 
carapace. 

The members of the second order of the lV.ru- 
carida, the Cumacka (Fig, iH), arc small utariuv. 
Crustacea in which the anterior part of the body 
is generally stout, while the abdomen is slender and 
very mobile. The short carapace does not cover 
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\>nt they are always absent in the females. The 
mopods ilo not form a tail-fan, but iuv slender 
forked rods curry in# comb-like rows of spines, said 
lo be used iu cleaning llu: anterior uppctuliif'es from 
the mild unions which these animals Kcnemlly live. 
The tel son is often absent, or, father, it is coalesced 
with the last somite of the abdomen. Under the 
side-fold of the carapace on each side lies, as in the 










Mysidacea, llie cpipoditc of the maxillipcd; hut in 
this order it forms a pill, and usually carries a row 
of flattened pill lobes. 

The third Order, that of the Tanaidacka < log. 19), 
is of special interest, since in many respects it forms 
a transition to the next. It comprises a number of 
minute Crustacea, penerally found burrowing in mud 
in the sea. They have a small carapace, which only 
involves the first two thoracic somites, the: rest of 
ex. 
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the somites being distinct. The side-folds of the 
carapace enclose a pair of small cavities, within 
which lie, as in the ease of the last two orders, 
the opipodites of the maxillipeds. The eyes are not 
movable, although they are set on little side-lobes of 
the head, representing the vestiges of eye-stalks. The 
first pair of thoracic limbs are maxillipeds, and the 
second pair arc very large, and form piucer-eluws 
(chela;). Minute vestiges of exopodites are some- 


unuKt: uir i muuuumu uu: 


Isoi'ciDA) which form the fourth 
order of the l’cracnridn, are 
very numerous in species, anti 
very varied in structure uml 
habits, 'rhe most familiar are. 
the. Woocliicc, or Slaters, which 
arc commonly fonml in damp 
places, under stones and the 
like. Besides these, however, 
llu: order includes a vast 
number of forms living in the 
sea and n few that live in fresh 
water. The examination of a 
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common Woodlouse, such ns Oimnis nr l'nntllio 


(b'ig, an), will give a general idea of the form and 
structure of a typical Isopod, although many curious 
modilicalioiiH are found, some of which will he man* 


tinned in lalur chapters. 

There is no distinct carapace, Imt the last vestige 
of one may he indicsUcd by the fact that the first 
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thoracic somite is completely fused with the head. 
All the other somites of the body are distinct {in 
some Isopods, however, the abdominal somites arc: 
coalesced), but the telson is not separate: from the: 
last somite. The eyes are not stalked, lint are: sessile- 
on the sides of the head. The anlenmiles have: only 
a single branch, and in the: Weioclliec? are very small. 
The antenme have no exopodile, although in a few 
other Isopods a minute vestige: is pn-se-nt. The 
thoracic limbs never have any trace: of exopnditcu. 
The first pair are maxillipeds, and if they e-arry an 
cpipoditc it is never enclosed in a gill cavity, as in 
Tanaidacoa. The swimme-rols form one of the- most 
characteristic features of the Isopmla, for they are 
always flattened into thin plates, whirl* act as gills. 
In the Woodliee, which breathe: air, certain curious 
modifications of the swiinmerols are found, which 
will be described in a later cdmplcr. In some: 
Isopods that live as parasites on fish «»r on other 
Crustacea, each individual is at first a male, ami Inter 
becomes a female. They are almost the only Crus¬ 
tacea, except the Cirripedes already mentioned, 
which are normally hermaphrodite. 

The fifth order of the l’crncnmln, the AwnnmiM, 
is also a very large one. The " Sand-hoppers,' 1 
which are very common on sandy coasts, belong to 
this order, as do also a very large number of other 
forms found in tho sea and in fresh water, which 
have no popular names. A common species is 


I’n. ji >'*An Amviiii*«ih (fiiiww.tnM h muM), I*1ni-aki*ki*. (I'rnm 
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tt\ Auionmiir . »r, nnlHiim; »io, w i r*ouii y (in ihm ) lln^rlhim of iiuinn* 
llilln i /n, kiH plain, f \\ t "Mil plait* (the rxpamlnl firnl wi ^humU 
nf ilia lew); KH, tin* Iw4» pall ti t »T Kiuittinp’iW (nrahninlln Ir^n) ; 

ulniMinlnal iippritilu^i* of tlilitl pair. /i/‘, /’*/>”. HthI iiihI 
not niul jtri trnjKKin, m walking•l(*n r »; f, Itilnoii, Mr, iirnptu) ; II, 
VIII, nwnntl mul ol^luli llmmrlr wrMmU*. i, firnl mu! «ix 1 li 
alHlnmitmi wnniten 

Inti, ns in llit! [sr>|xtils, (In: firnl ihoiuek: somite is 
fused with lln: bond. The eyes tire sessile on the 
•sides of the head. Thu uiilunmilcs Imvu u small 
inner branch, uiid the tuUemue Imvo no exopoditca. 
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The thoracic limbs, of which the first pair form 
maxillipeds, have no exopodites, and arc partly 
hidden by a row of shield-like plates along llie sides 
of the thorax. These plates are formed by the 
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enlarged and flattened basal segments of the limbs 
themselves, and on the inner side they carry a series 
of oval plates, which arc the gills. The ululoitiimtl 



appendages are divided nun iwo seis : tno nisi mice 
pairs have each two slender, many-joinled brandies, 
and are used in swimming; the last three pairs 
are short, stiff, and 
directed backwards, 


and arc used in 
pushing the animal 
through mud or 
among water-weeds, 
In many Amphipods, 
such as the Sand- 
hoppers, the last 
three pairs of abdo¬ 
minal limits are used 
in jumping hy sudden 
backward strokes of 
the abdomen. 

Two families of the 
Amphipoda differ so 
much in general ap¬ 
pearance from the 
others that they de¬ 
serve mention. The 
Caprellida: (log. -u I 
have the body drawn 
out to a thread-like 
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slcmleriieHS, and the abdomen reduced to a mere 
vestige, The fourth and fifth pairs of thoracic limbs 
uru generally absent, though the corresponding gills 









remain. The animals live in the «ea, clambering 
among sea-wccds or zoophytes in a fashion which 
recalls the movements of " loopcr" caterpillars, 1 he 
CyamuUc, or “ Whale-lice" (Fig. 23), «rc, as the name 
implies, parasites on the skin of whales, am me 
closely related to the Caprellidie. I hey have, how¬ 
ever, a broad, llallcncd body, more like that of an 



Isopod than an ordinary Amphipod, and their legs 
have strong curved claws with which they cling to 
the skin of their host. 

The third division of the Malacnstracn, the 
Eucauida, consists of two orders of very uiu , i|ii«l 
interest and importance. The first of these, the 
order Euphausiacea (Fig. 2*0, comprises only n 
single family of small, shrimp-like Crustacea (bitml 
swimming freely at the surface or in the depths of 










thoraeir somites, the eyes an* stalked, the unlennnlrs 
haves tsvei IliiKflla, iuul the antenmc have a broad 
snita None of ihn ihnistrir limits are modified inltt 
muxillipcds, atul all rarry swimininj; exopodilrn. 
The uropnds and telson form a tail-fun* A shif'le 
Kerins nf feathery K^l* me attached in the luses of 
the* thoraeir limbs. Nearly all the Knphausiacea 
possess the power nf emitting lijdd. amt are fm orbed 
for lilt! purpose with ti number of organs whirh wrie 
formerly supposed to be "accessory eyes." 

Tile second order of the Kururidu, the Di r.M'nMA, 
is by far the largest of the mdeis nf t'lusUrea, and 
it includes all the larger and mure familiar mrmbeis 
of the class. 11 is mressary, tluirlnre, In j:ive a 
ruiisideiuhly fuller account nf its suhdivisitnrt than 
has been j;ivrn in the ease of lhi* utlirr mdcis. 
The typical cliaou teis nl tin* linupodu ai<* well 
illustrated hy tlie l.uhsln, width has brrii aloudy 
described. As in the Kuph.ue.m ra, the ryes air* 
stalked, ami the rnnip.ur (uses with all the thni.uic 
somites, l'Yom llir Kiiphausiiti ra the iVrupnda 
diifn in the faet that three pairs of tin* lh"i.un 
linilis an* modified as nmxilhpeds, the lemainiiif- five 
pairs fm mini; llu: " ten Iripi" to whieh the name of 
the order alludes. ImuIIut, the ^dK air arranged 
in more limn nno series* not all attached to the 
bases of the legs, as in the KuphmmieM rit, ami 
covered over hy ihr. niilc-ltnpn uf the carapace 






instead of being freely exposed. While agreeing in 
these essential characters, however, the iiiciubeis of 
the order Decapoda differ very widely among them¬ 
selves in structure and in general form, and they are 
classified (in the arrangement adopted here) in two 
suborders, which are again subdivided into sections 
and tribes. 


Orokr DKCAVODA. 
Suborder Natantia 

„ UHl'I'ANTIA. 
Section PuUnura 
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ii Stcnnpidea. 
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,, Sryllniiilr.u 
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[ n Hippitlru. 

f n llromituciu 

i, OxyjtlointU.t. 

[ ,, Nmchygmulm. 

Sulihihc Itrru Ityrhymbit, 
11 Uxyihyitcbii. 


The suborder Natantia includes the miiiirmuH 
species of wlmt are commonly known us Prawns 
and Shrimps* These arc characteristically powerful 
swimmors, with lightly armoured bodies, limn? or 
less flattened from side to side, with a thin, n.iw- 
edged rostrum, and with large swimmercts which arc? 
the chief organa of swimming ; in addition, sumo of 
the more primitive Natantia have swimming branches, 
or exopodites, like those of the ICupImmuaeru, on the 
thoracic legs. This suborder is divided into ilurc 
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tropical seas (/Ywcfii'i— -I'ltito IV.), which have llic 
litst three ]mils uf legs provided with cliche, and 
not differing greatly in si/e. The. ,Sfoi<>/>tifru ;uc. a 
small group t»f forms resembling llic I'auritiai in 
having chela' on the lirsl three pairs of legs, hill the 
third pair are much larger than the, others. Tin* 
Cur idea comprise our common I'rawns (f.avitlcr, 
I’umlitlw*) and Shrimps (Cniw/pui), besides a host of 
less generally known forms ; in these the third legs 
are never chelate, although the lirsl and second 
often are. 

The second suborder, that of the Ri-itantia, 
is ume.Ii more diversified, Iml the animals composing 
it are united hy certain eliaraeterisi'ics, of which the 
most obvious are their creeping habits (although 
some species can swim well), their heavily armoured 
bodies, often more or less llatlelied from above 
downwards, with the rostrum never thin and saw* 
edged, and the swimmeiets not used to any great 
extent for swimming. 

The fust section of the Re.plautia, the /’a/immi, 
includes the Spiny Lobsters, Knek Lobsters, or Sen* 
Crawlish, and (heir allies, forming the trihe Siyltn- 
ritleii. They are distinguished by having no large 
pincd'claws, though the. last pair of legs may have 
small pincers in the female sex. One species, the 
Common Spiny Lobster (Plate V.), is found am the 
houl licrit and western coasts of the British Islands, 



The other tribe belonging to this section is the 
Eryouidca, comprising a number of small lobster-like 
forms living in the deep sea. They have pinner- 
claws on the first four, or on all live, pairs of legs, 
and they are of special interest on account of their 
geological antiquity. 

The section A datura contains only a single tribe, 
Nefrhropsidca, formed by the true Lobsters and the 
fresh-water Crayfishes. They have pincer-daws on 
the first three pairs of legs, and the first pair are 
much larger than the others. 

The third section of the Keplanlia, the Anmnunt, 
comprises forms in which the abdomen is variously 
modified, being cither bent upon itself or, if extended, 
more or less soft and feebly armoured, The last pair 
of legs arc commonly reduced in size, and not used 
in walking. The members of the four tribes com¬ 
posing the section differ widely in their general 
appearance. 

The Galalheidca (Plato VI.) arc small, llulteued, 
lobster-like animals which have the abdomen bent 
under the body. In one family {Ponclfanidif) the 
animals have quite the appearance of little Crabs 
(see Fig. <|i, p. 113), but they may be distinguished 
from the true Crabs (Hrachyura) by the fuel that 
there are only three pairs of walking legs behind the 
great chelae, the last pair of legs being very small 
and carried folded up at the sides of the body, or 
even within the gill chambers. 











The Thalassinidea arc small lobster-like animals 
which burrow in sand and mud, and have generally 
a more or less soft abdomen (see Fig. 38, p. 103). 

The tribe Paguvidca includes the Hermit Crabs 
(Pagitridcc) and their allies. The typical Hermit 
Crabs (Plate VII.), which are familiar objects in 
seaside rock-pools, live in the empty shells of Whelks 
and other Gasteropod Molluscs, which they carry 
about with them as portable shelters. The structure 
of the animals is modified in adaptation to this 
curious habit. The abdomen, which is protected 
during life by the borrowed shell, is soft and 
unarmoured, and is spirally twisted. The swim- 
merets, which have only the function of carrying 
the eggs in the female, are much reduced, and are 
usually present only on one side of the body. The 
uropods no longer form a tail-fan, but arc adapted 
for firmly wedging the hind part of the body into 
the coils of the shell. One of the chelipeds is much 
larger than the other, and serves to block up the 
opening when the animal withdraws into its shelter. 
In tropical countries certain Hermit Crabs ( Como - 
Hildas) have become adapted to a life on land, and 
one of these, the well-known (Coconut Crab, or 
Robber Crab (Hirgtis lairo), which is the largest 
species of the tribe, has given up the habit of 
protecting itself with a shell, and its abdomen has 
again acquired a strong armour on the upper side. 
The marine Liihodidcc —to which the British Stone 





Oral), LitlmUs »wui l Plate. VI lid belong* won at 
first sight to have little resemblance l<> the Hermit 
Crabs, for they have the abdomen very small, ami 
lucked up under the body as in the. true ('rubs. 
Like the I’oredl.inithe, mentioned above, however, 
the Lilhodidfe have only three pairs of walking legs 
behind the chvlipeds, the last pair being feeble, and 
usually folded out of sight within the gill chambers. 
The relationship of the Lilhudidn- to the Hermit 
Crabs is shown by the. abdomen, which is move or 
less twisted to one side, and has swimmereis only on 
onesided the female, and ipiitc wanting in the male. 

The lllppidc <t are cm ions little. Crabs found burrow 
ing in sandy beaches in the warmer seas. They 
have the abdomen lucked under the body, and the 
legs llaUcned for shovelling the sand. 

The Hkaciiyuua, or true Crabs, form the fourth 
section of the Replunlia, and are distinguished by 
having the abdomen reduced to a taii-tlap, which is 
doubled up under the cephulolhorax, and is usually 
without any trace, of the m'opods which are present 
in all the groups already mentioned, with the single 
exception of the Lithodidie. At the sides of the 
head the side-plates of the carapace become lirmly 
soldered to lilt: ** episloine,” a plate which lies in 
front of the mouth, and in this way there is formed 
the " mouth-frame,“ within which lie the jaws, 
covered in by a pair of “folding-doors" formed by 
the ilattened third maxillipcds. 
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wedged in between the telson and the last somite, 
a pair of small plates may be seen, which are the 
last vestiges of the uropods. These are wanting in 
the other tribes of the ISrachyura. 

The Oxysionuita (Plate X.), which form the second 
tribe of the Brachyura, are distinguished by 1 the 
form of the mouth-frame, which is narrowed in front 
so as to be triangular instead of square in outline. 
The passages through which the water passes out 
from the gills, which in other Crabs open at the 
front corners of the mouth-frame, are carried for* 
wards to the front of the head. The Oxystomata 
are most abundant in tropical seas, but are repre¬ 
sented on the British coasts by species of Ebalui , 
small and compact Crabs which are not unlike 
pebbles of the gravel among which they live. 

The remaining Crabs form the tribe Brachygnaiha , 
in which the mouth-frame and the maxillipeds that 
close it are more or less quadrilateral in shape. 





The tribe is divided into two subtribrs, which may 
be recognized by the general shape of the carapace. 
In the Bmhyrhyncha this is generally rounded or 
square-cut in front, without a projecting lostrmu. 
In this subtribc are included the great majority 
of Crabs. The Edible Crab and the Shore Crab 
(Plate IX.) arc familiar examples. In the tTvy- 
yhyncha, on the other hand, the carapace is generally 
narrowed in front, with a projecting rostrum, either 
simple or forked, and is often armed with spines. 
In this subtribc are included the long-legged Spider 
Crabs, several species of which are common on our 
coasts. The Giant Spider Crab of Japan (Plate XI.) 
is the largest of living Crustacea. 

The last division of the ICumalacostraca, the 
Hoplocakida (Plate XII.), is one of very small 
extent, comprising only a single order (.S'/mmi/e/Wii) 
of very remarkable Crustacea which are common 
in tropical seas, and of which at least one species, 
Squilla dcsHinmlu, is occasionally captured on the 
south coast of England. The Stomatnpodn arc 
prawn-like Crustaceans, usually with a flattened 
body, and arc easily recognized by tin; form of the 
large claws (the second pair of thoracic limbs), in 
which the last segment shuts down, like the blade 
of a pocket-knife, on the preceding segment, and 
forms a very efficient weapon, so that the larger 
species are not to be handled without caution. Tim 
resemblance of these claws to those of the. mantis- 
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insect of Southern Europe led to a common 
Mediterranean species receiving long ago the name 
Squilla mantis (Plate XII.)* 

The Stomatopoda have a small carapace, which 
does not cover the last four thoracic somites, and 
has in front a small flattened rostrum, attached 
by a movable hinge, like that of the Leptostraca. 
Tlie eyes arc stalked, and, like the antennules, are 
attached to a separate movable segment of the front 
part of the head—a peculiarity not found in any 
other Crustacea. There ate small plate-like gills 
attached to the bases of some of the thoracic limbs, 
but the chief organs of respiration are large feathery 
gills attached to the pleopods or swimmcrcts. 

The Stomatopoda are all found in the sea, gener¬ 
ally in shallow water, burrowing in sand or hiding in 
crevices of rocks or corals. Some species are more 
than a foot in length. 
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great nmjorily of Crustacea are hatched 
1 from tin* egg in a form very different from that 
which they finally assume, and reach the adult stale: 
only after passing through a series of transformations 
(juile as remarkable as those which a caterpillar 
undergoes in becoming a butterfly, or a tadpole in 
becoming a frog. Many of these, young stages were 
known for a long time before their larval nature 
was suspected, and it is one. of the e.minsides of the 
history of zoology that, even after the actual changes 
from one form to another had hecn observed and 
described in several Crustacea, many eminent 
naturalists refused to believe in the possibility of 
their occurrence. This scepticism was largely duo 
to the fact that the common fresh-water Crayfish, 
when hatched from the egg, has practically the. same 
structure as the adult, and it was assumed that other 
Crustacea were developed in a similar fashion, 
Although certain cases of metamorphosis had been 
actually seen and described by naturalists iu the 
eighteenth century, these observations were for* 
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many important exceptions to this rule. 

If ix line muslin net be lowed at the surface of the 
sea on a calm day, and the contents turned out into 
a jar or sea-water, it will usually be: found to have 
captured, among other things, clouds of animated 
specks, which dance in the water or dart hither and 
thither with great rapidity. Many of these specks, 
when examined with the microscope, will he found 
to be Crustacea, besides adult animals belonging 
to various groups, such as the C'opcpodn, which pass 
the whole of their life swimming near the surface of 
the sea, there will be numerous larval stages of species 
which in their adult form live oil the sen-bottom. 
The identification of the species to which the various 
larvto belong is a matter of considerable difficulty, 
and, although the general course of development is 
now well known for all the chief groups of Crustacea, 
there are very many even of the common Dritish 
species in which the larval transformations have not 
yet been worked out in detail. 





As an example of the larval history of lh« 
Crustacea, we may take the case of the Common 

Shore Crab, Cnrcinus manias (1'iR. *5)- 1 lu; 

arc common in low-net f'alheimfis iomu 




_ r qtac.kh ov tiiH Common Himur i'ma« (f ,'1101**1 
Fl °- ^i^EK^w lX.). (I’nrlly nflor WllUamvin.) 

A You ns /oca, shortly nftor Imlclilim: K m«Rnl..pa 
C, yon or Crab. A x to, H nntl x lo 


British coasts in the summer-time. The youngest 
larva (Fig. 25, A) are translucent little creatures 
about one-twentieth of an inch long. They have 
the head and front part of the body covered by n 
helmet-shaped carapace, with a long spine standing 
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out from the middle of the back, and another pro- 
jecting, like a beak, in front. 

The narrow abdomen or tail is very flexible, and 
can be doubled up under the body or stretched out 
behind; it ends in a forked telson. There are two 
pairs of swimming limbs, each with endopodite and 
exopoditc, and the short antennules and antenna) 
are seen on either side of the rostrum. There are a 
pair of very large compound eyes, which are not set 
on movable stalks, but are under the front part of 
the carapace. The two-branched swimming feet are 
really the first and second maxillipeds (the mandibles, 
maxillulse, and maxillae, can be found in front of 
them), but none of the other thoracic limbs are yet 
developed, and, although the somites of the abdomen 
are distinct, there are no swimmerets. This typo of 
larva is known as a zoca, a name which was given 
to it when it was supposed to be an independent 
species of Crustacean. As a matter of fact, the zoea 
just described is not quite the earliest stage of the 
Shore Crab, for when hatched from the egg it is 
without the spines on the carapace, and is slightly 
different in other respects. A few hours after hatch¬ 
ing, however, it casts its skin for the first time, and 
becomes a fully-formed zoea. It swims rapidly about 
at the surface of the sea, feeding on the minute 
floating animals and plants which are found there, 
and growing in size with repeated castings of its 
skin. In the later stages of the zoea the rudiments 
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of the hinder thoracic limbs and of the swiminriets 
appear as little buds. In the next stage (Fig. 25, 15 ) 
all the appendages arc present, the dorsal spine of 
the carapace 1ms disappeared, the eyes are stalked 
and movable, and the animal has all the appearance 
of a little Crab, except that the abdomen is si retched 
out instead of being tucked up under llu* body, and 
the swtmmcrcls are used as paddles in swimming. 
In this stage the larva, which is known as a mrg«i/<'/'ii, 
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swims at the surface of the sea, hut later it sinks to 
the bottom, and, moulting again, appears as a little 
Crab (Fig. 25, C), wi(h lucked-up abdomen ami 
swimmcrcts no longer adapted for locomotion. 

Most of the true Crabs (Hrachyura) have a larval 
history similar to that just described, and pass 
through zoiia and mcgalopa stages which differ only 
in details from those of Cnrciims, The Annmmu are 
also hatched as zoete, and one of the most remark¬ 
able forms common in low-nettings in llrilish waters 
is the zoc!a of the little Porcelain Crabs (I'urcelhnut 
Fig. 26). In this larva the carapace has two long spines 


behind, and a rostral spine which is several limes 
as long as the body of the animal. A great develop¬ 
ment of spines also 
characterizes the larva 
of Manilla (Fig. 27). 

The larval form of 

the Common Lobster \,jl | 
lias already been do- ^'\vj 

scribed, and it will be 
noticed that the cl if- v: Qf Vyj 

fo roll cob from the V'-fi 

adult are much less 
than in the ease of j tv 

the Crab. From the y i\ 

fact that this larva / u \ 

has swimming exopo- /</V\ 

dites on its legs, like //]/• 'Im 

tho adult Mysiducoa / \ 

and Faphansinron ' ' 

(formerly grouped to- Kio. -jj Kiw.t uhvai. sta<ik m> 

, * , Muntlltt ItlRoM (n»K i'LATTU VIA 

gother as “ hclnzo- x (Afiur Saih.) 

poda"), it is said to 

ho in the " schizopod stage." The larva of the 
Norway Lobster ( Nc/>hm/>s norvegiais) is essentially 
of the same type, but the great development of tho 
spines on the abdomen and of the forked telson 
gives it a striking appearance. 

A very remarkable type of larva is found among 
the Spiny Lobsters and their allies (HoylJaridea). 
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This larva, known by the name of f>liyl!t>st»iitt 
(Fig. 28), is very broad, thin, and leaf-like, and 
quite transparent, so that some of the larger kinds 
were formerly known as “Glass Crabs." The thin 
oval carapace docs not cover the whole of the 
thoracic region, which is disc-shaped, with four paiis 



1 -1G. 28—Tiik 1 ’itvr.LoaoMA Larva ok tiik Common Khnv 
Lobstbr (Paliinmis viilgiirh-«nu I'lath V.). Muni i ni aio.i o 
(Alter J, T. Cunningham.) 

of long slender legs, each with an exopoditc, The 
abdomen is relatively small. The intermediate 
stages between the phyllosoma and the adult nrc 
still very imperfectly known. In tropical sens 
phyllosoma lame of large size are found, sometimes 
reaching two or three inches in length. The larva 
of the Common Spiny Lobster (Patimrus v»lgan\), 
however, does not exceed half an inch in length. 










The Shrimps and Prawns of the tribe Caridea are 
mostly hatched as zoEse, and pass through a “ schizo- 
pod” stage comparable to that of the Lobster, in 
which they swim by means of exopodites on the legs. 
Some of the Prawns belonging to the tribe Pcnaddea, 
however, have a still more remarkable metamorphosis, 
which is very important on account of the resem¬ 
blance of the earlier stages to those of the lower 
Crustacea. Fritz Mtiller discovered in 1863 that 
Peucens is hatched from the egg as a Nanplius 
(Fig. 29, A), a form of larva which was previously 
known among the Copepoda, Branchiopoda, and 
C impedes. The nauplius, unlike the larvae which 
we have been considering, has an unsegmented body, 
and has only three pairs of limbs. The body is 
pear-shaped in outline, and near the front end is 
seen the median eye, sometimes called, from its 
presence in this type of larva, the “ nauplius-eye 
the paired eyes are not yet developed. The three 
pairs of limbs arc shown by their later development 
to be the antennules, antennie, and mandibles; the 
first pair are unbranched, the second and third 
divided into exopodite and endopodite. It is in¬ 
teresting to notice that the antennae and mandibles, 
which in the adult animal are so widely different 
that it is difficult to trace any resemblance between 
them, are in the nauplius almost identical in form. 
Further, the antennae, instead of being placed in 
front of the mouth as in the adult, lie on either side 
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of it, and each 1ms at its base a hooked spine which 
projects inwards and serves for seizing particles <>f 
food and passing them into the month; tile anlennie 
of the nanplius, in fact, serve as jaws, while; it is 
only later that the mandibles take on this function, 
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In the further development of the larva, the body 
increases in length and becomes divided into somites 
which increase in number by new somites appear¬ 
ing behind those already marked off; the rudiments 
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of the liiTiks also appear in regular order from before 
backwards ; the dorsal shield of the nauplius grows 
out into a carapace, beneath which the paired eyes 
begin to develop i n f ron t. Thus after passing 
through ateianaupluts and protozoca stages (l ? ig* 29, B) 
the larva becomes a zoea (Fig. 29, C), resembling that 
of the Crab already described in that the swimming 
organs are the rnaxillipeds, but differing in having 
the uropods well developed and forming a tail-fan at 
the end of the abdomen, the hinder thoracic somites 
marked off and their appendages present as rudi¬ 
ments, and the stalked eyes free from the carapace. 
This is followed by a schizopod stage (Fig. 29, D), in 
which the prawn-like shape is assumed and the 
thoracic legs have large exopodites used for swim¬ 
ming. Cater these exopodites diminish in size, 
though they do not quite disappear in the adult 
Pcnceus* and the function of swimming organs is 
taken over by the abdominal swimmerets. 

In Pauvits the larva* are of comparatively simple 
form, but in the allied genus Sergesle s the zoea has 
a very remarkable appearance. The carapace is 
armed with long spines, each bearing two comb-like 
rows of secondary spines. The development of 
spines and other outgrowths of the surface of the 
body is a very common characteristic of organisms 
that, like these larvae, float or swim in the open sea ; 
its probable significance will be discussed in a later 
chapter* 
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T)ie shrimp-like Kuphanflme.ea have a liuval 
development very like llml of l'aucm. Most, if not 
all, of the species are hatched from the egg in tlu: 
nauplius stage, and pass through stages very similar 
to those described above. The adult animals, how¬ 
ever, may be said to remain in the " srhi/npnd “ 



stage, since the exopod i tea of the thurneir legs remain 
large and are used in swimming. 

Even among ilia Docnpodu, however, there me 
many species that arc hatched from the egg in a form 
that docs not differ essentially from the adult, and 
arc therefore said to have n direct development. 
This is often the case with species which live in 
fresh water or in the depths of tlm sen. loir 
example, the young of the fresh-water Crayliah 
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(Fig. 3 °)> wlien hatched, possess all the appendages 
of the adult except the first pair of swimmercts and 
the uropods, or outer plates of the tail-fan. The 
carapace is almost globular, owing to the presence 
inside the body of a large amount of food-yolk, 
which supplies the nourishment necessary for the 
young animal in the early stages of its development. 
The cheUe have hooked tips, by means of which the 
young animal clings securely to the swimmercts of 
the mother. After a time it moults, and the uropods 
are set free, the chelae lose their hooked tips, the 
carapace assumes nearly its final shape (the food- 
yolk having been largely absorbed), and the young 
Crayfish leaves the protection of its parent, to shift 
for itself. The essential point of difference between 
the development of the Crayfish and that of the 
closely related Lobster (see Fig. 8, p. 28) is not so 
much that the changes in structure which occur 
after hatching are less profound in the former case, 
but that there is no free larval stage. In the 
Lobster the earlier stages are capable of indepen¬ 
dent existence, and they differ from the full-grown 
animal not only in structure, but also in habits, 
swimming at the surface instead of creeping at the 
bottom of the sea. 

A similar case to that of the Crayfishes is found in 
the River Crabs of tropical countries, belonging to 
the family Potamonidse. These Crabs are as closely 
related to some marine Crabs as are the Crayfishes 
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to the Lobsters, yet the difference in their mode of 
development i9 even more pronounced, Instead of 
beginning life as minute pelagic zoom, they leave the 
shelter of the mother's abdomen as perfectly*formed 
little Crabs (Fig. 31). 

Amongst the Decapoda, instances of direct develop¬ 
ment like those just described are exceptional, hut in 
some of the other orders of the Malacoslraca direct 
development is the rule. In the great division 
Pcracarida, as we have already seen, the females are 



31— Youno SI'Kcimicn ok an AkiUcan Mivku Chau 0 '« t . nn.'ii 
johlistoni), TAKItN KHOM TICK AlU'OMKN OK 111)' Mortll'II 

Much usLAHCiun 

Tlio rnlull of nn nlliud »pocie» in fiKiirrd on I'lnle XXV 

provided with a pouch, or marsupinm {from which 
the name of the division is derived), in which the 
eggs arc carried. Within this pouch the young 
undergo the whole of their development, and they 
only leave it, as a rule, when they have attained the 
structures of tltc adults. Among the more familiar 
representatives of this division, the Sand hoppers 
(Amphipoda), the Woodliee (lsopoda), and (lie 
Opossum Shrimps (Mysidacca), may be mentioned 
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as examples °f this mode of development. The 
Woodlicc n.nd their immediate allies differ a little 
from the other members of the division in the fact 
that the young leave the brood-pouch with the last 
pair of logs still undeveloped, though in other 
respects they are like miniature adults. 

In those Crustacea which have a direct develop¬ 
ment without free-swimming larval stages, it is 
sometimes possible to find traces of such stages in 
the early development of the embryo. This is 
shown most clearly, perhaps, in the Opossum 
Shrimps (Mysidacea). In these the embryo be¬ 
comes freo from the egg-membrane (or may, in a 
sense, be said to “ hatch * f ) at a very early stage, and 
lies free within the brood-pouch as a maggot-shaped 
body, on which three pairs of rudimentary limbs can 
be made out. The later development shows that 
these three rudiments correspond to the antennules, 
antennae, and mandibles, so that the maggot-shaped 
embryo is, in fact, a disguised naupiius without the 
power of swimming or of leading an independent 
existence. In other cases—as, for instance, in the 
Crayfish, where the earlier stages are confined 
within the egg-membrane (or <f egg-shell ”)—the 
naupiius stage, although more difficult to examine, 
is quite as well marked. 

Of the other groups of the Malacostraca, the Syn- 
carida and Leptostraca arc hatched in nearly the 
adult form, but the Stomatopoda have a long series 


of larval stages. These lame (Fig. .52) are all dis¬ 
tinguished by the large size of the carapace, which 
in sonic eases envelops the greater part of the body. 
Some stomatopod lame, in the warmer seas, attain 

to a relatively great 
' size, sometimes exceed¬ 

ing 2 inches in length, 
and their glass-like 
transparency gives them 
a very striking appear¬ 
ance. 

As we have seen, it 
is exceptional to find a 
free-swimming nanplins 
larva among the Mala- 
cnstraca, lint tl is the 
commonest larval singe 
/'A. in the other subclasses 

(f;) h-i] ^ ri,9 l Jlcoa ' Most of 

llie Hranchiopoda are 

„ „ . c . hatched in this form 

Fie,. 32 —Early Larval StaoI'. 

or a SmciuB or Sqoiu.a, mm (Fig. j j), and reach the 
auly 5. tbibia. x 10. (After , , , 

Brooks.) adult state by a very 

g r a cl u a 1 s c r i c s o f 

changes in which new somites and appendages are 

added in regular order from before backwards till the 

full number is reached. The Water-fleas (Cladocera), 



however, differ from most of the other Hianchiopodn 
in having a direct development. The eggs are 











carried m a brood-pouch under the back of the 
carapace, and in this the embryos undergo their 
development. In the common Dapltnia, for instance, 
numerous eggs or young can generally be seen 
through the transparent carapace (see Fig. 12, p. 37). 



Km. 33 — I.AHVAl. SrAflKH 1)1' Tint ItlllNK StlHIMI 1 (/tl/fill III 
sitliiiu), (After Sara.) 

A. NiuipIliiH, Juki Imlchuil; H—1C, Intor hUikoh, allowing nrogroBalvo 
Incronao In inimhor of HomiluB mid (ippundngoa. Tlio lulitll 
form of thin Hpocioa i« hIiowii in l-’lg. S3. |>. iO-I 

Many of the Ostracoda have a direct development, 
hut in some cases the young animal, on hatching, 
6 
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has only the first three pairs of appendages, anil is 
therefore regarded as a nauplins, although it possesses 
a bivalvcd shell like that of tlu: adult, and is very 
unlike the nauplins larviu of other Crustacea. 

Most of the Copepoda also leave the egg in (he 
nauplius stage; and, indeed, it was to the young of 
the common fresh-water Cyclops (l'ig. ;P|) that the 
name of Nauplins was first given hy the Ikuiish 



Pic. 34 —Pauly Naupi.iuh Lakva hi' a Coi kihii (CyJi-li) Muni 
uNLAHCiUi). (1’rorrt 'LnultoMorH “ Trentiwj hji '/numny/ 1 ) 

a', Antonnulo; anianwii Jiuv.nphia ul aiuuum ; lh % itpiicr 
lip; util, iimmliMc 

naturalist, O. 1 \ Mlillcr, in the eighteenth eenlnry, 
in the belief that it was nn adult and independent 
species of Crustacea. In the Copepoda, the changes 
which transform the nauplins into the adult are 
gradual, and consist chiefly in the successive addition 
of new somites and appendages. 

The development of the Cirripedia is of special 
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interest, since it was the discovery of the larval 
stages by J. Vaughan Thompson that first demon¬ 
strated to naturalists that the Rarnaeles were 
Crustacea and not, as had been supposed, Molluscs. 
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Km. Larval Sf ai »kr mr Tint ( !ommun 1<ock Maunacu* 
(Ihtlauus ImfatwiiUs huh I'i.atic III.) 

A, NuupIlUH Bin # 0 (ftflor Ifnolt) ; H, cyprin Hta^u (ftflni 
Sponco Halo) 

The earliest stage is generally a nauplius (Eig. 35, A) 
of very peculiar and characteristic form, with a pair 
of horns projecting sideways from the front corners 
of the dorsal shield, and a forked spine on the under- 
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side behind. The later development is very unlike 
those which have been described above, for after a 
series of nauplius stages the larva passes suddenly, 
at a single moult, into a stage in whirl) the body 
and limbs are enclosed in a bivalved shell (Fig. jg, 11). 
From the superficial resemblance of the shell to that 
of an Ostracod, (his is known as the ty/>ns stage. 
Through the valves of the shell a pair of large com¬ 
pound eyes can be seen, as well as six pairs of 
two-branched swimming feet, while in front a pair 
of antennulos project between the valves. On each 
atUemude is a sucker-like disc by means of which 
the larva, after swimming freely for some lime, 
attaches itself to a stone or some other object, where 
it remains fixed for the rest of its life. A cementing 
substance produced by a gland at the base of the 
anlennules attaches tho front part of (lie head firmly 
to the support j the valves of the shell are east off, 
and replaced by the rudimentary valves of the adult 
shell; the six pairs of swimming feet grow out into 
tendril-like cirri; the compound eyes disappear, and 
the animal assumes the structure of (he adult. 

The parasitic Rhizoccphala have a very remark¬ 
able life-history, which will be described in a Inter 
chapter 5 but it may be mentioned here that their 
free-swimming larval stages resemble very closely 
those of the ordinary Barnacles, It was (he dis¬ 
covery of this fact which led to its being recognized 
that the Rhizoceplmia are highly modified and 


degenerate ('impedes, although their structure in 
the adult slate gives little evidence of their affinities. 

A number of interesting problems in specula¬ 
tive biology arc suggested by the larval stages of 
Crustacea. A full discussion of these problems 
would involve matters loo technical for these pages, 
but some indication of the broader issues may be 
attempted. 

The obvious question) Why do some Crustacea 
pass through a complicated metamorphosis while 
others do not ? is, like many obvious and simple 
questions, one of the most difficult to answer. It 
will be pointed out later, in dealing with the fresh¬ 
water Crustacea, that one of the most general 
characters of fresh-water animals ns compared with 
their marine allies is the absence of free-swimming 
larval stages. This applies, for instance, to the case 
of the Crayfishes and the marine Lobsters, and to 
that of the River Crabs, as compared with those 
which live in the sea. Hut it does not apply to all 
fresh-water Crustacea, and, on the other hand, there 
are many cases of direct development in marine 
species. 

Home of the advantages gained by the possession 
of free-swimming larval stages are obvious enough. 
Many Crustacea which live on the sea-bottom, and 
aro not very powerful swimmers, have their progeny 
scattered far and wide by winds and currents while 
in the surface-living larval stages. In the extreme 





case of the liarnaclcs, which are fixed to mm spot 
when adult, a locomotive larval slope is clearly a 
necessity. Hut, here as elsewhere, to demonstrate 
the usefulness of any character is to go only a very 
little way towards explaining its origin. Moreover, 
the mere necessity for a locomotive larva throws no 
light on the remarkable resemblances between the 
larval stages of widely different species. In the. 
adult state, a Ih'anchiopod, a Copepod, an Ostia* 
cod, a Harnacle, and a l’emuid I’rnwn, are. separated 
by enormous differences of form and structure ; yet, 
as we have seen, all these arc hatched from the egg 
as six-limbed nauplins larva; differing from each 
other only in trivial details. It seems hardly possible 
to imagine any other interpretation of this very 
striking fact than is afforded by the. theory of Kvolu* 
tion. We arc forced to assume that all these diverse 
forms of Crustacea are descended from very similar 
or identical ancestral types, and that the modifica¬ 
tions arising in the course of their evolution have 
affected tho adult but not the larval stages. Some 
naturalists would go farther limn this, and would 
apply the so-called “theory of recapitulation “ to 
the larval stages of the Crustacea. According to 
this theory, tho stages in the development of any 
animal tend to recapitulate, more or less closely, the 
history of the race. Thus it is assumed, for instance, 
that the nauplins reproduces the structure of a six- 
limbed ancestral form, from which, in the distant 
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past, all llitj diverse branches of the. Crustacean 
class took their origin. There are, however, con¬ 
siderable difficulties in the way of this view. That 
some such ancestral type did exist may be regarded 
as tolerably certain; that it resembled in its adult 
state the muiplius larva: of present-day Crustacea 
is, ou the whole, unlikely; hut it is not at all 
improbable, whatever its adult structure may have 
been, that it hatched from the egg as a muiplius 
larva. 

With regard to some of the other larval forms, 
it is possible to speak will) a lillle more confidence. 
There arc good grounds for believing, apart from the: 
evidence of development, that the Lobster and its 
allies have descended from Crustacea which, like the 
existing Knphausincea, possessed swimming branches 
(exopodiles) on the thoracic legs; and there seems 
no reason to doubt that the “ schizopod ” larva of 
the Lobster does recapitulate this stage in the evolu¬ 
tion of the race. On the other hand, it is impossible: 
to believe that any of the ancestors of the Shore 
Crab resembled, even remotely, the zoila stage with 
which the life-history of the individual now begins. 






CHAPTER V 

CRUSTACKA OK T1SK, SK.ASHORK. 

T HIL tract of seashore which is laid bam l>y the 
retreat of the tide offers on most coasts n rich 
collecting-ground to the student of Crustacea. In 
places where shelving, weed-covered rocks run out to 
sea, innumerable Crustacea have their home in the 
rock-pools, or lurk in crannies awaiting the return of 
the tide. On sandy beaches, at first sight apparently 
barren of life, a closer search will reveal a whole 
fauna, amongst which burrowing Crustacea of various 
orders are prominent. Further, the shore collector 
will find from time to time stray specimens of forms 
that have their proper habitat beyond low-tide mark, 
and occasionally their remains are thrown in qnun- 
titics on the beach by storms. It is convenient, 
therefore, to treat the Crustacea of the shore as a 
sample of those inhabiting the shallower waters of 
the ocean. In these shallower waters —down to the 
limit where light no longer penetrates from above, 
where vegetable life ceases, and where the strangely 
modified inhabitants of the deep sea begin to appear 
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—IU(‘. sca-hollom is perhaps the most densely popu¬ 
lated of all parts of the earth’s surface. Nowhere, 
at all events, do we find so wide a range of animal 
forms, from llu: simplest organisms (Protozoa) up In 
highly-organized Vertebrates. Nowhere, perhaps, is 
the struggle for existence more keen, and it is not 
without justice that some naturalists have regarded 
the shallow waters of the sea as " one of the great 
battle-fields of life,” where, in the long course of 
evolution, the main branches of the animal kingdom 
have had their origin. 

Conspicuous among the animals of this region are 
Crustacea of all sorts and sizes. To identify all the 
species that may be obtained in a single haul of the 
dredge in Hrilish seas would sometimes he a hard 
task even for the most expert student of the group. 
Our present purpose, however, is not to compile a 
fannislic catalogue, hut merely to give some idea of 
the endless diversity of form, and to note a few of 
the “shifts for u living” of the ways in which 
structure and habit are adapted to llu: conditions 
of life in tlus Crustacea of the shore and of shallow 
water. 

Though it might seem that the heavily armoured 
Lobsters and the larger Crabs would he sufficiently 
protected against most enemies when once they have 
attained their full size, yet they are preyed upon by 
the Octopus, which seizes them with its suckers and 
pierces their armour with its powerful beak, injecting 
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a poison that paralyzes its victims. Sumo years ago 
a “plague” of Octopus very seriously affected the 
Lobster fishery in tile English Channel. To escape 
from enemies such as these, the Lobsters and many 
Crabs have the habit of lurking in crevices of the 
rocks, while in ease of sudden alarm the: Lobster 
may escape from danger by swimming, or rather 
darting, with great swiftness, tail foremost, through 
the water by powerful strokes of the abdomen and 
tail-fan. In the more lightly armed Prawns ami 
other Crustacea of the tribe Naluuliu, which are 
characteristically swimmers, the power of rapid 
motion is probably the chief means of protection 
against enemies. There is reason to believe that 
the Lobsters have been derived from prawn-like 
swimming forms which have sacrificed some of their 
agility in developing their heavy annum-plating, 
retaining, however, the power of sudden and rapid 
motion in emergency. This power, again, has beam 
lost by the typical Crabs (Hrachynra), in which the 
abdomen is reduced in size and without a tail-fan, 
so as to bo useless for swimming. While most of 
the Crabs, however, arc somewhat slow of move¬ 
ment, trusting to their armour and their powerful 
pincers for defence, the Swimming Crabs (l’ortunkhe 
—Plate XIII.) have reacquired the power of swimming 
by means of the paddle-shaped legs of the last pair. 
Some of the tropical species of Portunidfu are prob¬ 
ably the most expert swimmors among the Crustacea, 





and am described as shooting lhr‘iii|;h the wain* like* 
lish, 

'Hie Lobster's habit of seeking shelter in mrk- 
ctrc;virc:s nr under stones is one which is shared by a 
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very large number of shove ('rustaceti. From some 
primitive kind of Lobster which discovered the 
advantages of ti portal>lc shelter have been derived 
the Hermit Crabs. In rock-pools one. may often see 
whelk or periwinkle shells tumbling about with un 
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activity quite foreign to tile nature of their original 
molluscan inhabitants, and closer examination will 
show that each contains a Hermit (hah, which 
retreats into the shell when disturbed. If extracted 
from the shell, the Crab (Fig. 3f>) can he seen to be. 
most beautifully adapted to its peculiar mode, of life. 
The abdomen is soft and spirally twisted to lit into 
the interior of the spiral shell, and the nropods, 
instead of forming a tail-fan, ale modified into 
holding organs, with roughened, lile-likc surfaces 
which can be pressed outwards against the walls of 
the shell, and wedge the body so (irmly that an 
attempt to drag the animal forcibly from its retreat 
often results in tearing it in half. The front pail of 
the body, which is exposed when the animal is 
walking, retains its shelly armour. One of the 
pinccr-claws, most commonly the right, is mneh 
larger than the other, and serves to block the open¬ 
ing of the shell when the body is withdrawn into it. 
The next two pairs of legs are long and slender, and 
arc used for walking; Inil the Iasi two pairs are 
short, with a roughened surface at the end, tuttl 
serve to steady the body in the month of the shell. 
The swimmcrcts on the right side of the body, 
which is pressed against the central pillar of the 
shell, have disappeared, but those of the left side 
remain. 

As the Hermit grows, it is necessary for him to 
remove from time to time into a larger dwelling. 
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It Inis linen slated thill In: will sometimes dispossrv, 
tin* ri|;l)lfiil owner of :i whelk-shell loi this pm|K>se, 
draf'f'iitf' him mil piecemeal ami caliiij; him; hut 
other observers deny that this ever happens, and in 
most cases, at nil events, the Ih-rmil is rnnlenl to 
wail until lu: finds an empty shell of suitable siVc. 
After liuniu)' this over and exploiiiif; the inlerior 
with his claws, to satisfy himself that it is un¬ 
occupied, he deftly whips the mipiotccled hinder 
part of his body into the new Imhilation, keeping 
hold of the old one meanwhile, so that lieean lelurn 
to it if the other proves unsuitable, The I lei mils 
are very pneuaeious, mid liftlil with one another tor 
tin: possession of desirable shells, tin’ victor dra|;piii|; 
his opponent out ami establishing himself in his 
place, 1 testicles upprnpriutiu|; tin- shell of a dead 
Mollusc, many Hermits seem to j;o into pailiicrsliip 
with living tuiimals of various kinds, and sonic- of 
these associations will la: noticed in a later chapter, 
A number of species adopt other dwellings than 
molltiacan shells, and some tropical I lei mil-;, for 
instance, are found living in the cavities of water- 
lodged stems of hamhoo (| f ij», jy); while others, 
rdimjuishin^ the advantages of a port aide shelter, 
live in holes in corals or in the canals of living 
HponpjCR. Although in some of these cases the body 
is straight, it usually shows traces of its oii/pmd 
adaptation to a spiral shell in hti vmik '»• swimitieiets 
oil the loft sido. 
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The only Hermits which have a full series of 
swimniercts are the primitive Pylochclida: (Fig. 37), 

which come very near 



to wluu we imagine 
[lie ancestral form of 
the group to have 
hc'un like, and can 




l'jo. 37— PylocMts mienii, a Svm- 
MttTIUCAt. IlBKMtT CHAU. (Aflor 
Alcock.) 

Tiio upper figure gives nn ond viow of 
Urn animal lodged in a lube of wruur- 
Jogged mnngrovo or litunboa, lln 
largo daws dosing tiio opening. 
rha iowot figure shows liie nniinnl 
removod from its elioltor. 


hardly he separated 
from the mud-bur* 
rowing, lohster-like 
Tlinlassinideu. A 
few Hermits have 
given np altogether 
the use of any pro¬ 
tect ive covering. 
One of these is the 
Coconut C’rah 
(/hVgm), to he men¬ 
tioned when we come 
to deal with the Crus¬ 
tacea of the land. 
Another is the Slone 
Crah (hith odrv—- 
Plate VIII.) of our 
own seas, and its 
kindred, which have 


redeveloped shelly 
plates on the back of the abdomen, but carry it 
doubled up under the body like the true Crabs. 



its Hide. Ihia is stn Amplnpou {AnipmUioc riiftridifit) 
which huilcls the shelter for itself, slicking the frag¬ 
ments together with threads of a cementing material 
produced by glands on the surface of its body and 
legs. Other Amphipods const! net more neatly 
finished tidmlar dwellings of mnd, nr even of small 
stones, which are attached to sca-wccds and the like ; 
and some make portable shelters of the same kind, 
which they carry uhnnl with them like the caddis* 
worms of fresh-water streams. 

Some of the true C.rahs also employ pm (aide 
shields for purposes of defence or of concealment. 
The species of Dofipjte which me found in tiopual 
seas have the last two pairs of legs shot l, elevated 
on the hack so that they cannot he used for walking, 
and ending in a kind of grasping claw. Jty means 
of these claws the Crab holds over its hack some 
object, generally one valve of a molluscan shell, 
sometimes even a mangrovc-lcaf, to supplement the 
protection afforded by its curapuce. Tho " Sponge 
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Crabs n (Dromiid*), of which one species, Dvomia 
vulgaris (Plate IX.), occurs on the southern coasts 
of Britain, have also the last two pairs of legs 
elevated on the back and used in a similar way; but 
in this case the covering is usually a mass of living 
sponge, one of the Sea-squirts (Tunicata), or some 
similar organism. 

Even more remarkable are the 41 masking M habits 
of the Spider Crabs (Oxyrhyncha). In these the 
carapace is almost always covered with sea-weeds, 
zoophytes, and other organisms which afford a very 
effective disguise. For example, specimens of the 
British species of Hyas ( H . araneus and H. coarclatus) 
and Mata (il/. squinado —Plate XIIF), which are very 
common on our coasts, readily escape the notice of 
the collector, as they lurk in the rock-pools. They 
are slow-moving animals, and the carapace and 
limbs are usually quite hidden by dense tufts of 
growing sea-weed, sponges, and other organisms. 
By observing the Crabs in an aquarium, it has been 
found that they actually dress themselves, plucking 
pieces of weed and the like and placing them on the 
carapace, where they are held in position by numerous 
hooked hairs. The transplanted fragments continue 
to live and grow until the Crab appears like a minia¬ 
ture moving forest. Still more strange is the fact 
that the Crabs appear to be able in some degree to 
adapt the nature of their covering to their surround¬ 
ings. It has been found that specimens dressed in 
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sca-wceds, when placed in an aquarium among 
sponges, picked off the weeds from their bodies and 
limbs, and planted fragments of sponge in their 
place. Not only docs this habit afford the Crabs 
protective concealment, but it may also in some 
eases serve as a source of food-supply. The late 
Dr. David Robertson, of Cumbrac, one of the most 
observant of marine naturalists, saw the Crab Siena* 
rhynchus (or Macropodia) iongiroslris picking food- 
particles from among the vegetation on its body, and 
convoying them to its mouth. 

Many Crustacea of different orders seek conceal¬ 
ment and protection by burying themselves in sand. 
A. pool left by the tide on a sandy beach may at first 
sight appear empty of all life, hut if it be watched 
for a little while a greyish, shadowy form may often 
bo seen to dart across it, to settle on the bottom 
with a little puff of sand, and to disappear, liven a 
close scrutiny of the spot will hardly discover any¬ 
thing, but with a hand-net one may succeed in 
scooping up, before it can dart away again, a 
specimen of the Common Shrimp (Crangan vulgaris 
—see Fig. 78, p. z.pj), whose translucent body is 
finely mottled with greyish-brown so as to match 
exactly the sand among which it rests. 

If a spadeful of sand from between tide-murks be 
stirred up in a buckel of sea-water and allowed to 
settle for a few seconds, and the water then poured 
off through a line muslin net, a wonderful assemblage 
7 




of minute Crustacea may often ho obtained. Numer¬ 
ous species of Ostracods, Copopods, and Ampliipods, 
and some Isopods, can be collected in this way, and 
some of these, at least, show peculiarities of structure 
which appear to ho adapted to a sand-burrowing 
habit. Perhaps the most remarkable Crustacea 
living in such situations, however, arc tins Cumaeoa. 
In these, as already mentioned, the gills, which are 
attached to the first pair of thoracic limbs, lie one 
on each side of the thorax in u cavity enclosed by 
the carapace. These cavities are continued forwards 
to the front of the head, where they unite in a single 
opening from which a transparent tube (ora pair of 
lubes) can be protruded. It appears probable that 
this very peculiar arrangement of the respiratory 
system is adapted to enable the animals to breathe 
while buried in sand or mud. The water is probably 
drawn in behind through the narrow slit between 
the sidc-platos of the carapace and the bases of the 
legs, and is expelled through the tube which is 
protruded from the front of the head. In this way 
the delicate gills arc protected from injury and kept 
from becoming clogged with sand, while the. effete 
water, loaded with the products of respiration, is 
carried off to a safo distance, so that it does not 
re-enter the gill chamber. 

In tho case of such minute forms, however, it is 
very difficult to determine the precise details of their 
mode of life by observation of tho living animals. In 
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the larger Decapods, which can be watched in their 
natural haunts, or more closely in aquaria, many 
interesting adaptations to burrowing in sand have 
been discovered. Many Crabs belonging to the tribe 
Brachyrhyncha often take refuge in sand or gravel, 
burying themselves till only the eyes remain exposed. 
The Swimming Crabs (Pmtu nidcc—Plate XI 11 .) of our 
own coasts have been found to use the paddle-shaped 
last pair of legs for digging ns well as for swimming. 
In the sand, the Crab keeps its large claws, or 
chclipods, folded close up to the front edge of the 
carapace, which is cut into sharp, saw-like teeth. 
Between these teeth the water passes, to reach the 
entrance to the gill chamber which lies at the base of 
each cholipcd, and in this way an efficient strainer is 
provided, which in coarse sand at least prevents the 
clogging of the respiratory passages. The out-going 
current of water from the gills passes through chan¬ 
nels that open on either side of the month-frame. 

A more complex adaptation of structure to the 
habit of sand-burrowing is found in the Masked Crab 
(1 Coiysla cassivelaunits —Plate XIV.). This Crab is 
common on the British coast, living in moderately 
deep water wherever the bottom is sandy, and it has 
received its English name from the fact that the 
furrows on the back of the carapace give it a grotesque 
resemblance to a human face. It is noteworthy, 
among other things, for the marked difference hotween 
the sexes, the male having very long, slender chclipuds, 
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while those of the female are quite short. The most 
remarkable features of its organization, however, 
have to do with its habit of burrowing in sand, The 
antenme, which in most Crabs are extremely short, 
arc in this species as loop as the body, and each bears 
a double fringe of stiff hairs disposed along the upper 
and under sides of the antenna, but curved inwards, so 
that when the two antenme are brought together 
parallel with each other, the hairs interlock and form 
a long lube. At its base this lit bo communicates 
with a space in front of the mouth, into which open 
the channels from the gill chamber at the front 
corners of the mouth-frame. The Crab burrows in 
fine sand, and the process is thus described by Pro¬ 
fessor Garslang: "The Crab sits upright on the 
surface of the sand; the elongated, talon-like claws 
of the four hindmost pairs of legs dig deeply into the 
sand; the body of the Crab is thus forcibly pulled 
downwards by the grip of the legs, and the displaced 
sand is forced upwards on the ventral side of the; 
body by the successive diggings and scoopings of the 
legs; the slender chelate arms of the first thoracic 
pair assist in the process of excavation by thrusting 
outwards the sand which accumulates round the 
buccal region of the descending Crab," In this way 
the Crab descends deeper and deeper, until nothing is 
visible above the surface of the sand but the tips of 
the antenna. The antennal lube keeps open a 
channel leading from the buried Crab to the water 













above. Since this tube communicates at its base 
with the passages through which tile water passes 
out from the gill chamber in most Crabs, it was 
assumed by the older observers that the antennal 
tube sorved to carry the outflowing water to the 
surface of the sand. It has recently been shown, 
however, by Professor Garstang that when the 
Masked Crab is buried in sand the normal respiratory 
current is reversed, water being drawn down the 
antennal tube, into the gill chambers, and passing 
out through the openings at the base of the chelipods 
which, when the Crab is not buried, serve for its 
entrance. 

Most, if not all, of the Crabs belonging to the tribe 
Oxystomala are sand-borrowers, and the structure of 
the mouth parts characteristic of the tribe appears 
to have been acijiiired as an adaptation to this habit. 
As already mentioned, the: month-frame in those 
Crabs is triangular instead of square, being produced 
forwards between the eyes, and the third maxillipeds, 
which cover it, are also elongated. In this way the 
exhalent channels carrying the water from the gill 
chambers open on the front margin of the head, and 
are exposed even when the Crab is buried. In the 
different families of this tribe the inimical openings 
by which the water enters the gill cavities are pro¬ 
tected in various ways, and so arranged that respira¬ 
tion can go on without danger of the gills becoming 
clogged by sediment. 



The members of ihc tribe Ilippidca {sometimes 
called “Mole Crabs"), among the Annmuru, have 
habits somewhat similar to those of the (Tabs just 
described. They are common oil sandy beaches in 
the warmer parts of the globe, and they burrow with 
great rapidity by means of the curved, flattened 
end-segments of the legs. The carapace is generally 
smooth and oval, and the body is compact, the short 
abdomen being folded up as in the Crabs. 

In Albunea (Plate XIV.). which belongs to this 
tribe, a long “antennal tube,” which looks very like 
that of Corysles, is believed to have a similar func¬ 
tion in connection with respiration when the. animal 
is buried. In this case, however, the lube is formed, 
not by the antenna:, as in Corysles, but by the anlen- 
nulcs, so that it affords u striking example of the 
independent evolution of similar structures from 
quite different origins. 

llippa cmcrila, which is found on the coasts of 
North and South America, has the mouth parts 
imperfectly formed, and not adapted for biting; and 
it is stated by Professor S. 1. Smith that the animal 
feeds in the way that an earthworm does, swallowing 
the sand through which it burrows, and extracting 
the nutriment which it may contain. This habit, 
however, is not followed by other members of the 
tribe, for Mr. Borradaile found that a species of 
Rmipcs in the Maidive Islands could “easily be 
caught by a bait of Crab at the end uf u line, 
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pouncing on it with its sharp tnnxillipcds, and 
allowing itself to be flicked out of the sand if the 
rod be sharply lifted.” 

In the cases mentioned above, the Crustacea do 
not bury themselves much below the surface of the 
sand, and do not form definite burrows; but there 
arc many Crustacea which live in open tunnels dug 
deep into the sand. Some of these belong to the 



category of amphibious forms, to be mentioned 
presently; but there are others which live in deeper 
water, and of which the habits are less open to 
observation. 

Nearly all the Thnlussinidea (Fig. 38) live in 
burrows, often of considerable depth, in sand or 
mud. Although now classed with the Anotnuru, 
these animals are lobatcr-liko in form, loosely built, 
generally with short carapace and long, soft abdomen. 



They have usually very small eyes, which appear 
as if they were not of much use for visum*, ami 
some of the hinder pairs of legs arc short, and 
carried folded against the sides of the body, probably 
for use when the animal is moving up or down in its 
burrow. 

Most of the Slomatopodu resemble the Thalas- 
sinidca in their mode of life, and show some curious 
similarities to them in structure, although by uo 
means closely related. They are described ns lying 
in wait for prey at the mouth of their burrows, 
darting out on passing lialt or oilier animals, which 
they seize with their great saw-toothed daws, and 
retreating with great rapidity to the bottom of the 
burrow, 

Most of the Crustacea mentioned live below tide- 
marks, and at all events are rarely seen when the 
sand in which they burrow is left bare by the tide; 
but there arc others, especially on tropical shores, 
which seem to have their chief period of activity 
when the sand or mud banks on which they live tire 
exposed to the air. Chief among these amphibious 
forms in the warmer seas are the Cralts of the genera 
Ocypotk and Gelasimus and some of their allies, 

Some of the species of Ocyfwk (Plate XV.) dig 
their burrows between tide-marks, where they are 
swamped by the advancing tide, and must be ex¬ 
cavated afresh when the water retreats. Other 
species, howovor, live above high-water mark, and 






arc practically terrestrial animals, only entering the. 
water occasionally, mul, indeed, unable to survive 
prolonged immersion. The work of excavating the 
burrows lias been watched in several species. The 
Crab conics out of the barrow sideways, currying a 
load of sand between two of the walking legs on the 
rear side. Jfy a sudden movement the sand is jerked 
away to some distance, where it accumulates in a 
little heap, and the Crab dives into the burrow for 
another load. Most of the Crabs belonging to ibis 
genus possess a curious " stridulating organ " on one 
of the large claws, hy means of which they can 
produce a buzzing or hissing sound. On the inner 
surface of the “hand” there is a raised patch, 
which, when examined with a lens, is situ to be 
marie up of a series of line ridges, like the teeth of 
a file. When the limb is bent in towards the body, 
this patch can be rubbed up and down against a 
sharp-edged ridge or scraper on the third segment of 
the limb, and in this way tin* sound is prodmed. 
What the use of the sound may be. is not quite clear, 
but there is probability in l)r. Alcock’s suggestion 
that it serves to warn intruders that the burrow is 
already occupied, These Crabs run very swiftly, and 
one species was seen by Professor S. I, Smith to 
catch Sand-hoppers (Amphipods of the family Tali- 
tridiu) by springing on them suddenly, " very much 
as n cat catches mice,” hut it also fed on dcml fish 
and the like, 






Of somewhat similar habits are the numerous 
species of the genus (iclttsinius (" Fiddler Crabs" • 
Plate XV.), which abound on sand and mud flats of 
tropical shores. These little Crabs arc remarkable 
for the great dissimilarity between the sexes in the 
form of the chclipcds. In the female both cholipcds 
arc small and feeble, but in the males one of them, 
either the right or the left, is enormously enlarged, 
sometimes exceeding in length and breadth the body 
of the Crab which carries it. What the precise use 
of this enormous claw may bo does not seem to he 
quite certainly known. It is said to he used as a 
weapon by the males in lighting with one another, 
but it seems too clumsy to be very ellicienl for this 
purpose. It is often brilliantly coloured, and has 
been supposed to bo a sexual adornment. 

In Ocypotlo and Gclmmus the respiratory apparatus 
is modified for the purpose of breathing air. The 
gills are similar to those of purely aquatic Crabs, and 
no doubt servo for respiration when the animal is in 
the water; but the gill chambers are much more 
spacious than usual, and the lining membrane is 
richly supplied witli bloodvessels. Air is admitted 
to tho gill chambers by an opening, protected by a 
brush of hairs, between the second and third pairs of 
walking legs on each side. It is believed that in 
this way tho gill chamber is fitted to be used as a 
lung when the animals arc out of the water. Similar 
arrangements in some of the more exclusively 
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terrestrial Crustacea will bo mentioned in a later 
chapter. 

There are many Shore Crabs, however, which lead 
a more or less amphibious existence without showing 
any marked modifications of structure as compared 
with their more purely supuilic relatives. On our 
own coasts, the Common Shore Crab (tWiiMiis 
meim Plate IX.) commonly spends several hours 
each day exposed to the air, and in an tupmrium it 
will voluntarily leave the wilier if the opportunity he 
afforded it. On tropical coasts the species of Grit fans 
and allied genera are often seen clambering with 
great agility about exposed rocks. 

Analogous habits to those of the: sand-hm lowing, 
amphibious Crabs described above are shown on a 
small scale by the Amphipods of the family Tali* 
triche, known as *' Sand-hoppers " or " Menelnllras." 
Kveryonc who has walked over the. linn sand m-.u 
high-water mark on our own shores must have 
noticed the myriads of actively hopping little t u a 
lines disturbed at every step. The commonest 
species of Sand-liopper on the Mrilish coasts is 
Tuliiriis sitllalur (Fig. ;pj), hut Onhcstiit /’iiinnhireltus 
is also common. Unlit species occur together on 
sandy beaches or among decaying sea-weeds, and 
are. among the most important scavengers of the 
seashore, picking clean the lames of lish or other 
animals east up by the tide. In this country the 
Sand-hoppers do not, as u rule, venture fur above 






high-water mark ; but in warmer climates species of 
Talilridtu live in the damp forests sit great distances 
from the sea, and deserve to be ranked among the 
terrestrial Crustacea. 

It has been mentioned above that the Common 
Shrimp is protected, not only by its habit of lying 
half buried in sand, but also by its close resemblance 
in colour to the sand among which it lives. There 
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arc many others among the shore Crustacea which 
show what scorns to be a "protective resemblance" 
in colour and form to their surroundings. It is 
necessary to bo cautious in interpreting these re¬ 
semblances as necessarily protective, since the li.sh 
and other enemies which prey on these Crustacea 
see them with oycB very different from ours, and 
probably, in many cases, arc guided to their prey by 
the sense of smell rather than by sight. The 
“masking" habit of the Spider Crabs, already 
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described, strongly suggests, however, Hint conceal- 
incnt from si^hl is an important protection to some 
shore Crustacea, and helps to make it probable that 
the same end is reached in other cases by modifica¬ 
tions of form and colour. 

There can be no doubt, at all events, that many 
Crustacea are very inconspicuous to human eyes 
when they remain motionless in their natural sur¬ 
roundings. Tims, for example, the Caprcllidie, or 
“ Skeleton Shrimps" (see big. a.:, p. g.|), arts hard to 
detect without very close search, as they ding to the 
feathery branches of the hydroid zoophytes among 
which they are usually found. They arc strangely 
modified Amphipods, in which the body is slender 
and thread-like, and generally of a semi-transparent, 
whitish or yellowish colour, like the zoophytes on 
which they live. They clamber about among the 
branches with a movement like that of a " looper " 
caterpillar, and often remain clinging by means of 
tile booked claws of the binder pairs of legs, with 
the fore pari of the body gently waving about. 

The little. Crabs of the family I.mtcosikhu (Oxy- 
slomata), of which the Hritish representatives arc 
several species of the genua libaliu, are often ex¬ 
tremely like pebbles of the gravel among which they 
live. In many tropical species the carapaco is pitted 
and eroded, so as to resemble a worn fragment of 
coral shingle. One of the most striking cases among 
tho Crabs, however, is that of Ihmin protons 






(Pig, 40 ), one of the Spider Crabs (Oxyrhyndm), 
which is found in the Indian and Pacific Oceans, 
In this little Crab the carapace is flat, and is extra¬ 
ordinarily variable in form. In most of the males it 

is triangular in oullincj bnt 



in most of the females and 
in some males it is broadened 
by leaf-like expansions of the 
side edges, Honadaile has 
pointed out that these broad 
individuals are usually found 
among the sua-wuod 11all* 
nictUix and that they closely 
resemble the fronds of this 
weed in form and in their 
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(tUUmala) ; H, a Cuah A niimiKJ oi i uimik i.iuiii, 
(ihtcnia protfus) which |<nown to possess a rhamc- 
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Phonos ov llalimuiiu ani» Icomhke power of changing 
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their enUmr. The mechanism 


UumicKo, (Afloe Horta* 
dallo.) 


by which thin chnngu is ef¬ 
fected is similar to that found 


in other animals, such as fish and frogs, which have 
the same power. The pigment which gives its colour 
to the animal is lodged in microscopic. filar-slmped 
bodies known as c/iroiimfo/i/mm, lying for tlu; most 
part just below the skin. Kach chromnlophorc 
consists of a central body from which n number of 
branching filaments radiate. The pigment may con- 
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tract into the centre of the cliromatophorc, forming 
a minute and hardly visible speck, or it may spread 
out into the branching filaments, forming a distinct 
spot of colour. Each chromatophorc may in somo 
eases contain several colours of pigment, and these 
may expand or contract independently of cacli other, 
so that a whole series of changes may be produced by 
a single chromatophorc. In the larger Crabs and 
Lobsters the visible colour of the animals depends 
on pigment in tbe shelly cxoskclcton, which is thick 
enough to hide the chromatophores in the living 
tissues underneath, and no very rapid or considerable 
changos arc apparent; but in the smaller forms, in 
which the cxoskclcton is thin and translucent enough 
to allow the underlying colours to appear through it, 
the changes in the chromatophores may produce 
striking effects. Thus, 1‘TiU Mtiller describes a 
species of Fiddler (’.rah of the genus Gclnsimux, in 
which the hinder part of the carapace was brilliantly 
white, hut live minutes after the Crab was cap* 
Lured it had changed to a dull grey. Many other 
eases of colour change have been described, but 
most remarkable and the most fully studied is that 
of the Prawn, Hippolytc mtruins, which is very 
common on our own coasts, and lias recently been 
tho subject of a very elaborate series of researches by 
Professors Kecblc and Gamble. The specimens of 
this Prawn show " a bewildering variety of colour 
and of colour-pattern ”; they may ho uniformly 




coloured in various shades of brown, green, or red, 
or they may bo “ blotched,” “ barred,” or “lined,” 
with colour. These different varieties are generally 
found among sea-weeds, which they resemble in 
colour and pattern, the " lined ” forms, for instance, 
frequenting finely branched and feathery weed. Like 
many other protectively coloured animals, they arc 
of sedentary habits, clinging to the weed, and seldom 
moving by day. If a specimen be removed from its 
habitat and placed in an aquarium with different 
kinds of sea-weed, it will lake refuge among that 
which it most closely resembles. It appears that 
this resemblance in colour-pattern is acquired during 
the growth of the Prawn, and that a young specimen 
kept among finely branched sea-weed will acquire the 
“ lined " pattern, while others, living among coarser 
weed, become “ barred,” " blotched,” or ” mono, 
chrome.” Even in the adult l’rawns the colour 
(though not the pattern) becomes changed in a day 
or two if they arc placed among weed of a different 
colour—from green to brown, or the like. Within 
certain limits still more rapid changes of colour take 
place. If kept in the dark, or if placed on a white 
background (for example, in a porcelain dish) in the 
light, the Prawn quickly becomes nearly colourless, 
by contraction of the chromatophorcs, a transparent 
bluish lint alone remaining, due to a subslnuco which 
diffuses from the chromatophorcs into the Jluids of 
the body. In natural conditions this phase is assumed 
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at night; and the interesting observation has been 
made that Prawns kept in the dark continue for 
three or four days to show a periodic expansion and 
contraction of the chrotnatophores, corresponding 
to the alternation of day and night. It seems that 
the rhythm of light and darkness has become im¬ 
pressed on the chromalophorc system of the animal, 
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and the movement of the pigments is regulated by 
something analogous to memory. 

It has already been mentioned, in dealing with the 
Lobster, that certain Crustacea have the power of 
voluntarily throwing off some of their limbs (auto* 
tomy). In many cases, as in the Lobster, this power 
is mainly of use in enabling the animal to discard an 
injured limb ; but there are some Crustacea which 
seem to adopt it as a means of escaping from the 
attack of an enemy. On our own coasts the shore 
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collector will often find, on turning over a large 
stone, one or more specimens of the little Porcelain 
Crabs [Vorcellttna plulychcles, or V. Tig. .| i) 

clinging to its under-sido. If these Crabs be, seized 
by one of the large claws, they frequently leave the 
claw in the captor’s hand and scuttle off without it; 
and it cannot be doubled that, as in the ease of 
lizards and other animals which have a similar power 
of self-mutilation, this habit often enables them to 
escape from their natural enemies. 

Although the Crustacea as a whole are pre¬ 
dominantly active animals, many examples have 
already been mentioned of species which cue more 
or less sluggish and sedentary in their habits. The 
extreme degree of passivity is reached by the 
Barnacles (Cirripcdia), which differ from all other 
Crustacea {except some parasites) in being fixed to 
one spot, and quite without the power of locomotion 
in the adult state. Most of the. Barnacles met with 
on the shore or in shallow water belong to the 
division of the Sessile Barnacles or Acorn-shells 
(Operculata). Every visitor to the seashore has 
noticed the littlo conical shells which cover exposed 
rocks as if with a coat of rough-east. On the 
British coasts the commonest species is Hulanus 
balanoitles (Plate III,), though other species closely 
resembling it are also common. They aro to be 
found almost up to high-water mark in situations 
where they are left uncovered for many hours every 
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clay; but the valves which clusc the opening of the 
shell lit so lightly that a little sea-water is enclosed, 
and the animal is protected from drying up even when 
exposed to the heat of the sun. If a stone or a chip 
of rock, with a few of these animals on it, he placed 
in a jar of sea-water, their peculiar mode of obtaining 
food can easily be watched. The valves will presently 
be seen to open a little, and the curled cirri will be 
protruded, opened out like the lingers of a band, 
and withdrawn again with a sort of grasping motion. 
These movements are continued without stopping 
while the animal is under water. If (he cirri be 
examined with a pocket-lens or under a microscope, 
it will be scon that they arc fringed with stiff bristles, 
so that, when they are opened out, tile whole forms 
a kind of" casting-net.’’ As it is swept through the 
water, this net entangles minute iloaling particles of 
animal or vegetable matter, and carries them into 
the shell, so that they can be seized by the jaws and 
swallowed. The cirri, as we have already seen, are 
really the modified thoracic limbs, so that, in Huxley's 
words, " A Barnacle may ho said to bo a Crustacean 
fixed by its head, and kicking the food into its 
mouth with its legs.” 

A mode of obtaining food by " nct.fishing,” not 
unlike that employed by the Barnacles, is found in 
certain Crustacea belonging to a widely different 
group — the little "Porcelain Crabs” (Pig. <|i) 
mentioned above. Mr, Gosse observed that the 
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Broad-cUuvcd Porcelain Oral) (Ponclliuut platychclcs) 
employed ils third pair of maxillipeds, which arc 
thickly fringed with long feathered hairs, in making 
alternate casting movements “ exactly in the manner 
of the fringed hand of a Barnacle, of which both the 
organ and the action strongly reminded me." 




CHAPTER VI 

CRUSTACEA OK THE DICKP SKA 

I T 1ms nlready been mentioned that the animals 
living on the sea-bottom in shallow water do not 
differ greatly in character from those that may be 
found between tide-marks. As we go farther ont 
from land, however, into the deeper water, iho 
character of the fauna gradually changes. One by 
one the species found near the shore become rare 
and disappear, and their places are taken by others 
characteristic of the intermediate depths. These in 
their turn give way to others, till in the abysses of 
the great oceans we find an assemblage of strange 
animals adapted to the conditions of life in the great 
depths, and differing widely in many respects from 
the more familiar inhabitants of the coastal waters. 
In this "fauna of the deep sea,” which extends to 
the greatest depths reached by the dredge or trawl, 
the Crustacea occupy a prominent place. Before pro¬ 
ceeding to discuss some of these peculiar forms, 
however, it is necessary to attempt to form some 
idea of the conditions under which they live. 

U7 
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In the first place, the character of the sca-bollom 
changes very greatly as wo pass away from the 
coast. Near the shore it is extremely diversified, 
consisting in one place of rocks swept hare by the 
tides or overgrown with jungles of sea-weed, in 
another of hanks of gravel or shingle, of sand or of 
mud, but in all cases derived from the “ waste” of 
the laud, as it is eaten away by the waves or washed 
down by the rivers. As the distance from land 
increases, the deposits become liner and finer, till 
they shade off into a soft oozy mud, composed of 
the finest particles brought down by the rivers. In 
the neighbourhood of large rivers this mud may 
sometimes extend for hundreds of miles from the 
land, but there is a limit to the distance to which 
even the finest particles can drift before they settle 
to the bottom, and beyond this limit the floor of the 
ocean is covered by sediments which owe their 
origin, not to the land, but to the ocean itself. The 
surface waters of the ocean everywhere teem witli a 
vast variety of floating; animals and plants, and, as 
these die, their remains sink to the bottom “like a 
perpetual shower of rain.” 

Among the most abundant floating organisms— 
in the warmer seas, at any rate—are certain minute 
animals known as l'ommini/em , which belong to 
the lowest class of the animal kingdom, and 
have shells composed, in most cases, of carbonate 
of lime. Over vast areas the bottom of llie ocean 
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is covered with :i soft grey ooze, made up almost 
entirely of the dead shells of Poraminifera rained 
down from above. Since the commonest species 
of Poraminifera found under these circumstances 
belong to the genus Glnbif'crinn, the deposit is 
known as “ Globigcrina ooze.' 1 

In certain regions of the ocean the shells of other 
floating organisms largely replace those of the 
Poraminifera in covering the ocean floor, and in 
the deepest abysses—so deep that the shells of 
surface animals are dissolved before they can sink 
to the bottom—there is found a deposit known as 
the “ red clay,” which appears to be derived largely 
from the impalpable volcanic and cosmic dust that 
floats in tbc atmosphere. It is not necessary for 
our present purpose to enter more fully into the 
interesting questions connected with these deep-sea 
deposits, but it is important to remember that, 
generally speaking, the floor of Lhe deep sea is 
everywhere soft ooze, without rocks or stones, 
except for an occasional water-logged lump of pumice 
or a stone dropped by a melting iceberg. This fact 
is probably of groat importance in the life of deep- 
sea animals. 

One of the most peculiar and characteristic of tho 
physical conditions in the deep sea is the enormous 
pressure under which life has to bo carried on. At 
tho surface of the sea the pressure of tho atmosphere 
is, roughly speaking, i.|£ pounds per aquaro inch. 







At a depth of only 33 feet of water this pressure is 
doubled, and at greater depths the pressure increases 
in proportion, till at 2,oon fathoms it is more than 
2\ tons on the square inch. As a matter of fact, 
however, the animals at the bottom of the sea arc 
probably but little affected by this enormous pressure. 
Only, when they are brought up by the dredge the 
sudden release of pressure causes the fluids of the 
body to expand and destroys the tissues, so that the 
animals arc generally dead or dying when (hey reach 
the surface. 

More important than the pressure in its influence 
on lifo is the darkness of the depths. The light of 
the sun only penetrates the water of the sea to a 
comparatively small depth. At 200 fathoms there 
is not enough light to produce any effect on a photo¬ 
graphic plate, liven at a considerably less depth 
the absence of light puts an end to all plant-life, 
except for the ubiquitous bacteria, and it follows 
that all the animals of the deep sea ultimately depend 
for their food-supply on the min of dead bodies of 
surface animals which, as already mentioned, Is con¬ 
stantly falling on the sea-bottom. 

The temperature at the bottom of the deep sea is 
always very low. Dr. Alcoclc slates that " in the 
open part of the Bay of Bengal, where the mean 
surface temperature is about 8o° F., the temperature 
at a depth of 100 fathoms is only about (k>° l'\, at 
a depth of 300 fathoms not quite 50° F, j while at a 








depth of 2,000 fathoms the temperature all lhe year 
round is only .1° above freezing-point." 

Finally, it is important to notice the uniformity of 
the conditions ill the bottom of the sea; not only 
are the alternation of night and day and the progress 
of the seasons nnfelt in the abysses, but the con¬ 
ditions are practically the same over vast areas in all 
the oceans. 

In the case of deep-sea Crustacea, we are fre¬ 
quently confronted with a dilliculty which does not 
occur in the case of some other groups of animals 
Corals or ICchinoderms, for example- -the difficulty, 
namely, of deciding whether the animals really lived 
on or near the bottom, or were captured by the open 
mouth of the trawl on its way to the surface. When 
the animals arc plainly not well adapted for swim¬ 
ming--as, for instance, most of the Crabs it may 
he assumed that they did actually live on the 
bottom; hut, with the prawn-like forms, the possi¬ 
bility that they may really he inhabitants of tin- 
intermediate depths must always he taken into 
consideration. 

In animals that live in perpetual darkness wc 
should expect to find, in accordance with the prin¬ 
ciple of adaptation which runs through the whole 
of organic nature, that the eyes are wanting or 
imperfectly developed. In a great many deep-sea 
animals this is indeed the case, The deep-sea 
Lobsters of the germs Nephropsis (Fig. ,\i), which 
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arc very closely allied to the Norway Lobster 
(Nep/trops) of shallow water, have very short and 
slender eye-stalks hidden under the rostrum, and 
showing at the lip only the merest (rat es of what 



was once an eye. In the lobster-like Eryonidca 
(see Fig. c\ 0 , p. 133)) the reduced cyc-slalks are firmly 
fixed in notches in the front edge of the carapace. 
Some of the dcop-sea Crabs and Prawns seem also 
to be totally blind. In a great many eases degenera. 


T 
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pit'stall, al though much minced and modi linrl. Thus, 
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the very numerous deep-sea species of Galallioithe, 
belonging to the genus Mimulopsis (Fig. 43) and its 



allies have, as Alcock says, 41 pallid, milky-yellow, 
lack-lustre eyes which, though they may perhaps 
serve to distinguish between light and darkness, can 
never form a definite visual image." It is probable, 
indeed, that these pale-coloured eyes are specially 
adapted for vision in a dim light, for it has been 
shown that in certain deep-sea Jiupluiusiacea the 
pigment-sheaths between the separate elements of 
the compound eyes are greatly reduced, and are 
fixed in the position temporarily assumed by those 
in the eyes of normal Crustacea when kept in the 
dark. Be this as it may, there arc many deep-sea 
Crustacea which have well-developed and darkly* 
pigmented eyes. Some of these arc swimming forms, 
which may at times migrate into the upper strata 
of water to which some rays of light penetrate; but 
there are some cases of Crabs and other bottom- 
living species that have well-developed eyes, although 
they live at great depths. This would seem to sug¬ 
gest that, although shut off from the. light of day, 
they arc not condemned to grope in perpetual dark¬ 
ness. Many deep-sea animals arc known to he 
phosphorescent, and it seems probable that the 
large-eyed species may profit by the light emitted 
by the glow-worms and fireflies of the abyss. Thus, 
Alcock points out that the deep-sea Hermit Crab 
Parapa^urus pilosimanns (Plate XVI.), which lives in 
partnership with a colony of sea-anemones which it 
carries about with it, has largo eyes, although it 
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descends to depths of at least 2,000 fathoms; and 
he suggests that the Crab may be able to see its way 
by the light emitted by the zoophytes. 

Some of the Crustacea, however, are themselves 
luminous. Thus, Alcock records how specimens of a 
deep-sea Prawn, Ihicrocarpm alphoiisi, "poured out, 
apparently from the orifices of the ‘green glands 1 at 
the base of the antennic, copious clouds of a ghostly 
blue light of sufficient intensity to illuminate a bucket 
of sea-water so that all its contents were visible in 
the clearest detail." Certain other Prawns are 
known to possess spcciul light-producing organs on 
various parts of tho body and limbs. It is in the 
Kuplmusiucea, however, that these organs have been 
most fully examined, and although the members of 
this group (see Fig. i.\, p, 56) are by no means all 
deep-sea animals, some of them occurring at the 
surface of the sea, the structure of their luminous 
organs, or " pholophores," may appropriately be 
described here. They are situated on the under¬ 
surface of the abdomen, in the basal segments of 
some of tho thoracic legs, and on the upper surface 
of the eye-stalks, liudi consists of u globular cap¬ 
sule covered by a layer of pigment, except on the 
outer side, whole there is a transparent biconvex 
lens. In the centre of the capsule is a peculiar 
“striated body" which seems to lie the actual seat 
of luminescence, mul behind it is a concave rclloclor 
composed of concentric lamellie, and having a silvery 


lustre. Before their luminosity w;is observed, these 
organs were described as “accessory eyes,” but there 
can be little doubt that they serve rather as search¬ 
lights, although, from the positions that some of 
them occupy on the body, it is not easy to see how 
they can illuminate objects within range of the eyes. 
That the function of phosphorescent organs is not 
always that of giving light for their possessor to see 
hy is shown by the fact that many luminous animals 
are blind. It is important to notice, however, that 
these blind animals never have complex "photo* 
photos’ 1 like those just described, but only exhibit 
a diffuse luminosity or give off luminous secretions; 
as an example among Crustacea, the blind liryonidea 
(sec Fig. <|G, p. 133) maybe mentioned, one species of 
which was observed by Alcoek to be “luminous at 
two points between the last pair of thoracic legs, 
where there is a triangular glandular patch.’’ In a 
recent discussion of the whole question of phos¬ 
phorescence in marine organisms, Dr. Dollein con¬ 
cludes that the part it plays in the life of the 
animal probably differs in the different cases, in 
some it may serve to attract prey, as moths are 
attracted to a candle; in others it may help 
individuals of the same species to keep together 
in a swarm or to find their mates, the varying 
arrangement of the pholophorcs producing character¬ 
istic light-patterns that serve as “ recognition marks " 
like the colour-patterns of animals that live in tho 







light of day, The clouds of luminous secretion thrown 
out by Uekroctnfiis and oilier Prawns, and liy certain 
Mysidacea and Oslrucods, may servo to bafllo 
pursuers, like the cloud of ink thrown out by a 
Cuttlefish, and in some casus thu more complex 
organs may illuminate objects within the range of 
vision. '1‘lml this does not exhaust llie possibilities 
of speculation on the subject, however, is shown by 
the case of certain deep-sea l’rasvns which have 
been recently discovered to possess pholophorcs 
placed so as to illuminate the interior of the gill 
cavities, What function they cun discharge in this 
position seems beyond conjecture. 

The colours of deep-sea Crustacea are very curious. 
Pew of them have the blanched appearance common, 
for instance, in animals that live in the darkness of 
caves; on the contrary, their colours are often very 
vivid, but they are nearly always uniform, without 
spots or markings, and in a large proportion of cases 
are in some shade of led or orange. This red colour 
seems to be associated, in some way that we do not 
understand, with the darkness of their habitat. The 
general absence of markings is very striking. Dr. 
Alcock remarks that in deep-sea Crustacea we never 
sec "those freaks of colour, or those labyrinthine 
mottlinga and dapplings, that excite our curiosity 
when handling the Crabs and Shrimps of the reefs." 
Possibly the explanation of this may be that in those 
dwellers in darkness colour is merely, as it were, an 
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accident, a by-product of physiological processes 
directed to other ends, not a character of protective 
or warning value, as in animals that hunt and are 
hunted in the light of day. It is a curious fact, 
which may have some bearing on this problem, that 
in many eases, while the adults are coloured in some 
shade of red, the eggs carried by the female are 
bright blue or green. 

Some of the peculiarities of structure observed in 
deep-sea Crustacea seem Lo be correlated with the 
difficulties of resting or moving about with security 
on the soft ooze of the sca-iloor. Among the Crabs 
we find a preponderance of long-legged species, not 
only among the true Spider Crabs (Oxyrhyncha), but 
also in oilier groups (Dromiacca like Lnlrdlliti, 
figured on Plate XIX., and Oxystomala), Che 
members of which assume the same spider-like form. 
In some cases the legs are fringed with long stiff 
hairs, which may help to prevent the animal from 
sinking in the ooze, and the spines on the body and 
legs of many species may have the same effect. 
Among the deep-sea Prawns, the species of the 
family Ncmatocarcinidte (Plate XVII.) have ex¬ 
tremely long and slender legs, which wc may assume 
to be used like stills for walking over the soft ooze. 

Not much is known regarding the food of deep- 
sea animals. In the absence of plant-life they must 
of necessity be all carnivorous, and all ultimately 
dependent on the food-supply falling from above. 













Some species have been found to have the food- 
canal filled with Globigcrina ooze, which they no 
doubt swallow, as earth-worms do the soil in which 
they burrow, for the purpose of extracting the nutri¬ 
ment that it contains. In one species of deep-sea 



Fvo. —•TAiUOHffSfoc/irffs fti/wus. Uttnucvit, (Muxv Spcnr.o lifUo.) 

Cumacoa (PltUycumn holli), which appears to feed in 
this manner, the food-canal is coiled, a condition 
very rave in Crustacea; in all probability this is due 
to the necessity for an increase of the absorptive 
surface, since it is common to find such an increase, 
either by lengthening and consequent coiling of the 
9 







gut, or by infolding of its walls, in animals that have 
to swallow large quantities of relatively innutritions 
food material. Many species, however, no doubt 
have more selective habits of feeding. The lobster- 
like Tlmtinastochcles (Fig. which was dredged by 
the Challenge)" expedition in the West Indies at a 
depth of 450 fathoms, and has since been got from 
deep water off the Japanese coast, has one of the 
chela: enormously enlarged, with long and slender 
fingers set with spines like the teeth of a rake. It 
has been suggested that this remarkable claw may 
be used for raking or sifting the ooze for small 
animals on which the Thaumaslvcliclcs feeds. A 
similar function may be suggested fur the long and 
spiny first pair of walking legs in the Spider Crab 
Plalymaia (Fig. -15). 

In many deep-sea Crustacea the eggs are of very 
large size, indicating that the young are hatched in 
an advanced stage of development. For example, 
in the numerous species of the genus Munidapsis the 
eggs are always largo and correspondingly few in 
number, in striking contrast to the closely allied 
genus Galathca, from shallow water, in which the 
eggs are small and very numerous. Alcock mentions 
that a dccp-sca Prawn of the genus Psnthy munis, 
although only about inches long, has eggs nearly 
a quarter of an inch in length. It would seem that, 
in someway or other, the conditions are unfavour¬ 
able for a free-swimming larval life; but they cannot 
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Thnumastochcles (Fig. ,pi), mentioned above, only 
four specimens arc known—one dredged by the 
Challenge)' in the West Indies, and three others 
more recently brought from Japan. 

The low temperatures prevailing in deep water, 
even in tropical seas, render it possible for many 
Crustacea to live there which arc closely allied to, 
or identical with, species occurring in shallow water 
in the colder seas of the North and South. Many 
examples of this are mentioned by l)r. Alcock in his 
discussion of the deep-sea fauna of Indian seas ; for 
example, the Lobster Nej>hn>(>s cimlttinauiais , found at 
depths of 150 to .(uo fathoms in the Indian seas, is 
very closely allied to the Norway Lobster (Ne/i/irofis 
noyvegiem) of our own coasts. To some extent this 
fact affords an explanation of the phenomenon that 
has been called "bipolarity” in the distribution of 
marine animals. It has been observed that certain 
families, genera, and even species, are found in the 
Arctic and Antarctic seas, although they seem to be 
entirely absent from the intervening tropical /ones. 
In some cases, however, it has been found that these 
forms occur in the deep sea in the warmer regions 
where the cold water offers them a connection 
between North and South without any great differ¬ 
ence of temperature. 

In the early days of deep-soa exploration, when 
naturalists were becoming aware of the rich fauna 
inhabiting the abysses of the ocean, which till then 










had been supposed to be barren of all life, it was 
confidently expected that representatives would be 


discovered of some of the 
animals known as fossils 
from the earlier geological 
periods. It was believed 
that the great ocean basins 
had remained unchanged 
for vast periods of geologi¬ 
cal lime, and that numer¬ 
ous “living fossils" would 
be found surviving in the 
depths. These hopes have 
not been fully realized, for 
the deep-sea fauna as a 
whole has proved to be of 
a comparatively modern 
type ; nevertheless, it does 
include a considerable 
number of primitive and 
old-fashioned forms of life, 
some of which belong to 
groups elsewhere extinct. 
This is conspicuously the 
case among the Crustacea. 
The lobster-like Eryoniden, 
which at the present day 
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arc only found in the deep sea, were long known as 


fossils before they were discovered to survive as living 
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animals. The existing species (Fig. ,|f>) arc all blind, 
with only vestiges of eye-stalks, and they may be 
readily distinguished by the fact that the first four, and 
sometimes all live, pairs of legs end in chela.', no other 
Decapods having more than three pairs of chelate 
legs. The fossils occur in rocks of the Secondary 
Period, from the Trias to the early Cretaceous. 
Some of them, at least, had well-developed eyes, and 
probably lived in shallow water. This was almost 
certainly the habitat of those (Fig. ,17) that are found 
preserved in a marvellously perfect stale in the litho¬ 
graphic limestone of Solcnhofcn (famous for the 
discovery of A rcfuvoflayx and many other remark- 
ablo fossils), which is believed to lmve been deposited 
in a lagoon. After the early part of tlu> Cretaceous 
epoch, the Eryonidea arc no longer found as fossils, 
and it is, at all events, a probable conjecture that 
about that period they forsook the shallow waters 
for the deeper recesses of the ocean, where their 
descendants have held their own till the present day. 

Another group of deep-sea Crustacea which has 
affinities with certain fossil forms is the little family 
Ilomolodromiidic among the Crabs. It lias already 
been mentioned that the Dromiacca are the most 
primitive tribe of the Hrachyura, and Professor 
IJouvier has shown that among these, the Ilomoio- 
dromiidw approach most nearly to the lobslcr-likc 
forms from which the Crabs have been derived, Mo 
has further shown that the mombers of this family 
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closely resemble in the arrangement of the grooves 
upon the carapace the extinct Prosoponiche, which 
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arc known as fossils from Jurassic and Cretaceous 
rocks. 







It is? in the dcci) sea also that we find the curious 
Hermit Crabs of the family Vylmhclithv (Fig. 37, p. y.|), 
which arc perfectly symmetrical and show no trace 
of having ever adopted the habit of living in Gastro¬ 
pod shells; so primitive, indeed, arc these forms that 
it is not easy to find characters by which to define 
them from the lobster-like Thalassinidca or from the 
true Lobsters themselves, and, although no fossil 
representatives me yet known, there seems no reason 
to doubt that the Pylochcluhc are nearly related to 
the primitive slock from which the other Hermit 
Crabs liavo been evolved. Among the clcep-sca 
Prawns there arc many forms, both of Pemeklcn and 
of Caridea, which arc more primitive than most of 
their relatives from shallow water; and although in 
these eases also the geological records are faulty, we 
may assume, if we cannot prove in detail, a general 
similarity to the fossil Prawns of Mesozoic rocks, 
When all has been said, however, perhaps the most 
surprising thing about tho deep-sea fauna is, not that 
the animals aro unliko those living in shallow water, 
but that they differ from them so little. When wo 
consider tho physical conditions of the oceanic 
abysses—tho absolute darkness, the freezing cold, 
the pressure measured in tons on the square inch— 
it would seem inevitable that the physiological pro¬ 
cesses of deep-sea animals must differ greatly from 
those of animals living in shallow water; yet in 
very many eases theso differences of function aro 














accompanied only by the most trivial differences 
in structure. To take one example, the “ Pink 
Shrimp” (Paiulalus montagui), which we may find 
commonly between tide-marks on our own coasts, 
differs only in inconspicuous details from species of 
the same genus living at a depth of Goo fathoms; 
while other genera of the family Pandalidro range 
downwards to 2,000 fathoms or more, without any 
important divergences in structure. 
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FLOATING CRUSTACEA OF THE OPEN SKA 

I T is only rarely that tho floating organisms of the 
surface of the sea are so largo or so abundant 
as to catch the attention of the casual observer. 
Except for an occasional shoal of porpoises or of 
flying-fish, tho waste of waters seen from the deck 
of a ship in mid-ocean usually seems to bo barren of 
life. Nevertheless, there is probably no region of 
the ocean where the tow-net will not reveal the 
existence of a more or less varied fauna and bora. 
Sometimes, indeed, these organisms, though minute, 
are so numerous as to discolour the water over largo 
areas; whalers in the Arctic seas know by tho 
appearance of " whale-food " where whales are likely 
to bo found, and herring or mackerel fishermen 
recognize the changes in colour of the water among 
the ‘'signs” which guide them when and where to 
shoot their nets. 

The organisms which make up this "pelagic” 
fauna and flora may bo grouped into two classes, 
which may bo termed tho “ swimmers,” or Noclon, 
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and the " drifters,” or Plankton. The former include 
the larger and more active animals, such as fish, 
whales, and tile like, whose movements arc more or 
less independent of the movements of tho water; 
the latter comprise the plant-life and the floating or 
feebly swimming animals that drift at the mercy of 
waves and currents. A great deal of attention has 
been given in recent years to the study of the 
plankton, and it has come to be recognized as filling 
a very important place in the balance of life in tho 
sea. In the sea, as on land, all tho animals arc 
ultimately dependent on plants for their food. The 
larger and more conspicuous sea-weeds which grow 
on the sea-bottom, however, can only flourish in 
comparatively shallow water, and the region which 
they occupy forms only a narrow fringe round the 
land-masses of the globe. It is only necessary to 
look at a map of the world, showing the depth of 
the sea, to realize what tin insignificant part of the 
area of the oceans contributes in this way to the 
food-supply of marine animals. The microscopic 
plant-life of the plankton, however, makes up for tho 
individual minuteness of its constituents by their 
incalculable numbers. Tho lowly organisms known 
as *' diatoms,” familiar to the microscopist from tho 
beauty of their flinty skeletons, are among the most 
numerous and important of these, and they are 
associated with a groat variety of other single-celled 
algic mid allied organisms, some of them so minute 









that llicy pass through the finest silk plankton-nets, 
and have to be sought for by special methods of 
collection recently devised for the purpose. All 
these organisms possess the green colouring matter 
(chlorophyll) that enables them to live, as the higher 
plants do, on the carbon dioxide and other sub¬ 
stances dissolved in the water. The smaller animals 
of the plankton feed on these vegetable organisms, 
and in their turn serve as food for larger animals. 
The Herring, the Mackerel, the gigantic Basking 
Shark, and the still more gigantic Greenland Whale, 
all feed directly on the animal plankton, and wo 
have already scon that the animals of the deep sea 
depend entirely on the same source of food-supply. 
Further, very many of the bottom-living animats of 
shallow water swim at the surface in the early stages 
of their life, and feed on the other plankton animals 
and plants. Indeed, it is no exaggeration to say 
that "all lish is diatom’’ in the same physiological 
sense as " all flesh is grass," and the study of the 
plankton is thus of practical importance as well as 
of scientific interest. 

Of all the minute animals that form the inter¬ 
mediate links in the chain between diatom and lish 
or whale, the Crustacea arc tho most important and 
the most munorous both in species and in individuals. 
The Copepoda arc more richly represented than any 
of the other groups, and it would be difficult to find 
a sample of marine plankton from which they wero 















altogether absent. Associated with them we find 
one or two species of Cladoocra, a larger number of 
Ostracoda (chiefly of the family Halocypvidm), a few 
Mysidacca, the Amphipoda of tlic suborder Ilypcri- 
idca, the ILuphausiacca, and some of the shrimp* 
like Decapods; while the larval stages of these and 
other groups also form an important part of the 
plankton. 

It is necessary to make a distinction between the 
“ norilic ” plankton of shallow water near the coast 
and the “oceanic” plankton of the open sea. In 
the inshore waters the plankton consists not only of 
organisms that pass the whole of their life at or near 
the surface, blit also, and very largely, of the free- 
swimming larva) of bottom-living species, and of 
others that make occasional and temporary excur¬ 
sions to the surface. For example, if the tow-net 
he used a short distance from land-—say in some 
sheltered bay on our own coasts—the catch will 
often be found to consist largely of larval Crustacea. 
The zoila and mcgalopn stages of Crabs, the zoCa 
and schizopod stages of Prawns and Shrimps, are 
often conspicuous by their numbers, or we may find 
swarms of the nauplius and cypris lnmu of Harnaclcs. 
Sometimes, and especially at night, numbers of 
Cumacca may be found in the tow-net; and it is 
noteworthy that these are usually males, which leave 
the females burrowing in the mud at the bottom, 
and swarm to the surface for a brief period of 












activity. Besides all these more or less temporary 
visitors, however, there are numerous species, even 
in the inshore waters, which arc adapted to a 
floating life, and pass their whole existence as 
members of the plankton. Copepoda of many kinds, 
some Mysidte, Amphipods like Hyperiu —which is 
commonly found sheltering under large jellyfish— 
some species of actively swimming Isopods, and 
many other forms, are only to be captured by the 
tow-net j and now and then, in certain localities, 
winds and currents may drive into coastal waters 
shoals of species whose proper home is the open 
ocean. 

In a similar way the strictly ncritic forms may 
sometimes be carried far out to sea, so that it is 
nowhere possible to draw a hard-and-fast line be¬ 
tween the regions occupied by the ncritic and the 
oceanic plankton. With increasing distance from 
land, however, the larval stages of bottom-living 
species become fewer, and finally disappear alto¬ 
gether, and there is left an assemblage of animals 
whose whole existence is passed Uoating at the 
surface or at the intermediate depths. How far 
down from the surface this iloating fauna actually 
descends is a question which has been much debated. 
It appears now to be certain that there is no stratum 
of water between the surface and the bottom of the 
ocean which is devoid of life, although the upper 
layers (not at, but some distance below, the surfaco) 









arc probably much more densely populated than 
those of the abyss. Many of the species appear to 
undertake more or less extensive migrations in a 
vertical direction, coming nearer the surface at 
certain stages of their life-history, and sinking into 
deeper water at others. Further, some species at 
least seem to rise to the surface at night, and to 
sink again during the day. Apart from these vertical 
movements, which are as yet only imperfectly under¬ 
stood, it is desirable to distinguish between the 
“ cpiplankton,” comprising the organisms which 
inhabit the superficial strata of the ocean down to 
about too fathoms, and the “ mcsoplaoktou," found 
at greater depths. The plant-life which is dependent 
on sunlight belongs to the cpiplankton, while the 
animals of the mesoplankton are dependent, like 
the bottom animals of the deep sea, on the supply 
of dead food material falling from above. A third 
division, the " hypoplanklon,” has been established 
for those animals which live immediately above the 
bottom, hut its distinctness from the mesoplankton 
has not yet been satisfactorily established. Indeed, 
many of the swimming forms which have already 
been mentioned in dealing with the Crustacea of the 
deep sea arc probably rather to be considered as 
belonging to the deep mesoplankton—at least, where 
their size and swimming powers do not entitle them 
to be ranked with the " nccton.” 

Many of the modifications in structure character- 





istic of pelagic animals may be traced to the necessity 
for keeping continuously afloat with a minimum of 
exertion. The Crustacea of the plankton never 
carry the heavy armour found in bottom*living 
species. Thus, the thick-shelled Oslraeoda of the 
bottom are represented in the plankton chiclly by 
the family Ilalocypridie {Fig. .|8), in which the shell 
is thin, uncaldlicd, and almost membranous. Many 
species, particularly of the Copepoda, arc seen, 
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under the microscope, to have large globules of oil 
distributed through the tissues of the body, and 
these no doubt serve as floats, increasing the 
buoyancy of the animal. The same purpose is 
probably served, in many cases, by having large 
spaces, filled with fluid, within the body. This is 
characteristic of pelagic animals, and is well seen 
in many of the Crustacea in which the viscera and 
muscles occupy a relatively small part of the interior 
of the animals, the intervening spaces being filled 
with colourless transparent fluid. Many of the 
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balloon, giving the animal the aspect of a small 
jellyfish rather than an Amphipod. 

If, as seems probable, the body-fluid of these 
animals is of a lower specific gravity than the sea¬ 
water, it will act like the oil-globules of the Co- 
pepoda in keeping the animals afloat. Even if the 
specific gravity bo the same, however, the distension 
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of ihc body with (lnid ads in another way, by 
increasing the surface exposed to friction with the 
surrounding water, and so retarding sinking. The 
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The same result is produced if the surface is increased 
by outstanding spines or hairs, just as, for instance, 
a downy feather sinks slowly through the air, but 
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drops rapidly if it is rolled into a ball between the 
fingers. This is, no doubt, one function of the 
spines with which plankton Crustacea, and particu¬ 
larly lame, arc frequently provided, though they 



may also serve in some cases as a protection 
against enemies. Tlio spines have been already 
alluded to in describing the various lame, but it may 
be noted bore (bat they arc most strongly developed 
in larva which live in the open ocean ; for example, 
the most elaborately armed of all Decapod larva; arc 
the zolia stages of Sergestes (I-’ig. 50), which, like the 



adults, belong to the oceanic plankton. The nan- 
plius larvte of Cirripedos arc all more or less spiny, 
and the spines reach an exaggerated development in 
the larva; of tho genus Lepns (Fig. 51), of which the 
adults arc attached to floating drift-wood or the like, 
and belong to the oceanic fauna, although Imrdly to 
be closed with the plankton. 
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The large feathered bristles that decorate the 
limbs or tail of many plankton Copepoda have no 
doubt the same function in assisting notation. In 
the genus Calocalanus (Fig. 52), for example, the 
tail sette arc large and brilliantly coloured feathery 
plumes, and in one species, C. plimulosus, one of 
these setse is of relatively enormous size, five or six 
times as long as the body of the animal itself. 

Among the most singular of plankton Crustacea 
aro the Phyllosoiita lame (see Fig. 28, p. 72) of the 
Spiny Lobsters and their allies (Scyllaridea), which 
have been already described. Theso larva; aro 
sometimes found far out at sea, and it seems likely 
that their larval life is unusually prolonged, and that 
they may bo drifted to great distances by ocean 
currents. At all events, they arc well adapted for 
pelagic life, since the broad Hat body, hardly thicker 
than a sheet of paper, can be sustained in tho water 
like a “ hydroplane " by comparatively slight efforts 
of the swimming legs. 

The watery character of tho body, together with 
tho thinness of tho oxoskelcton, helps to explain the 
glassy transparency which is a feature of most 
plankton Crustacea. This transparency has been 
regarded as a protective adaptation rendering the 
animals inconspicuous in tho water, and it has 
indeed that effect to human oyc 9 , but it is very 
doubtful whether the animals derive much benefit 
from this, Many of tho animals—such as Herring 




and oilier pelagic fishes—that prey upon plankton 
Crustacea appear to swallow them in bulk, with¬ 
out much selection; and the Greenland Whale, as 
it swims open-111011 thed through the sea, is not likely 
to be guided by the greater or less visibility of the 
Copepods that it sifts out cm its baleen plates. 
Further, this glass-like transparency is by no means 
universal, for many plankton Copepoda are brightly 
coloured. In some, as in the beautiful blue Anonmlo - 
ccrn, common in Hrilish waters, the colour is due to 
pigment in the fluids and tissues of the body; in 
others the feathery hairs on the body and limbs 
show brilliant metallic colours, produced, like the 
colours of a peacock's feather, not by pigments, 
but by the diffraction of light in the texture of 
the organ. The most beautiful of all Copepoda is 
Sapphirim, in which the surface of the body 
absolutely sparkles with iridescent colours. 

The striking phenomenon known as the " phos¬ 
phorescence of the sea" is familiar to every ocean 
voyager, nnd is seen from time to time on our own 
coa9t. On a dark night the crest of every wave 
often seems to break in a pale glow, the wake of the 
vessel Is a trail of light, and an oar dipped in the 
water seems on fire, This luminosity is due to 
the animals of tlio plankton, largely to the lowly 
Protozoa and the jellyfishes, but in part also to 
certain Crustacea. A number of pelagic Copepoda 
lmvo been shown by Ciosbrccht to secrete, from 












special glands on the surface of the body, a sub¬ 
stance which becomes luminous on coming in contact 
with the water. Even specimens which had been 
dried were found to give out light on being wetted. 
Some pelagic Ostvacods of the family Halocypridae 
have been observed to emit clouds of a luminous 
secretion from a gland in the neighbourhood of the 
mouth. A similar habit has been seen, as already 
mentioned, in certain deep-sea Prawns and Mysidacca, 
which may perhaps belong to the deeper part of tho 
mesoplankton rather than to the bottom fauna. The 
complex light-producing organs of tho Euphausiacca 
have already been described in dealing with deep-sea 
Crustacea. A great many species of this group, 
however, arc members of tile epiplaukton, and in 
these the phosphorescent apparatus is quite as fully 
developed as in species coming from greater depths. 
Mcganycliphancs norvcf'ica (Fig. 24, p, 5G), which is 
one of the largest of the Euphausiacca, is common 
at no great depths in many places in British seas. 
If a jar of sea-water in which specimens of this 
species arc swimming be brought into a dark room, 
a lap on the glass will cause the photophores to Hash 
out like a row of tiny lamps along the side of the 
body. After shining for a few seconds the light dies 
out, to appear again if the tapping be repeated. 

There arc certain peculiarities in tho structure of 
the eyes in some planklon Crustacea which suggest 
that the sense of sight is of special importance to 




their possessors, although we can hardly do more than 
guess at their special significance. Most Copepoda 
huvo only a single eye in the middle of the head, 
corresponding to the single eye of the natiplitts larva, 
and of far simpler structure than the paired com¬ 
pound eyes of most other Crustacea, In many 
plankton species, however, this simple eye becomes 
much enlarged and complicated in various ways. 
The three parts of which it is normally made up 
may become separated from each oilier, and are 
sometimes increased in number to live, while lenses 
serving to concentrate the light are often developed 
by thickening of the overlying cuticle. The most 
elaborately constructed eyes are found in the family 
Coryceeidtu. In Cop ilia (Fig. 53) a pair of eyes of 
relatively enormous size are present, Each Ims in 
front a large biconvex lens set at the end of a conical 
tube which extends backwards to a smaller tens (like 
a telescope with object-glass and eyepiece), behind 
which, again, nro the sensory cells, corresponding to 
the retina, enclosed in a tube of dark pigment, the 
whole apparatus being more than half the length 
of the body, These eyes, although paired, do not 
correspond to the paired compound eyes of other 
Crustacea, but have arisen by the separation and 
enlargement of two of tho three divisions of the 
typical median Copepod eye. 

A. peculiarity of the paired compound eyes found 
in plankton Crustacea of several different orders 







consists in the division of each eye into two parts, 
which differ in structure. In many Euphausiacca 
and Mysidacea, especially in those haunting the 
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deeper strata (mesoplankton), this division of the 
eyes is well marked, a frontal or dorsal part having 
the separate elements of the eye (ommatidia) greatly 









lengthened and with reduced pigment, while the 
lateral part is of more normal structure. It seems 
probable, from the researches of Professor Chun, 
that the frouto-dorsal division is adapted for the 
perception of very faint light, while the lateral 
division will give a more accurate image of brightly 
illuminated objects. 



In the pelagic Amphipoda, forming the suborder 
Hypemdea, the eyes arc of very large size, generally 
occupying almost the whole surface of the head, and 
giving the animals a very characteristic appear¬ 
ance, in contrast to the small-eyed, bottom-living 
Gammaridca. In the family Phronimidw (Fig. 5.)) 
the eyes are each divided into two parts, differing in 
structure in tho way just described. 



























There arc a few Crustacea living habitually on the 
high seas which cannot be reckoned as belonging 
either to the true plankton or to the neclon, since 
they depend on outside help for keeping themselves 
afloat. Among these arc the Barnacles which cluster 
on logs of drift-wood, and arc among the most 
important causes of the “fouling” of ships’ hulls on 
long voyages. The stalked Barnacles of the genus 
Lepas are especially common in such situations, and 
the characters of their lame have been already 
alluded to, Certain species of sessile Barnacles arc 
constantly found attached to large marine animals. 
Bor example, Chclonobia adheres to the shell ol 
Turtles, while Corouula and some allied genera arc 
found on Whales. 

The little “ Gulf-weed Crab ” (Planes minutns —• 
Plate XIX.) is found clinging to floating drift-weed 
nearly everywhere throughout the temperate and 
tropical seas of the globe, and is especially common 
in the area known as the Sargasso Sea, in mid- 
Atlantic. It is occasionally drifted to the south 
coasts of the British Islands. In Sloanc’s “ Natural 
History of Jamaica,” published in 1707-1725, it is 
stated of the Gulf-weed Crab that “ Columbus, find¬ 
ing this alive on the Sargasso floating in the sea, 
conceived himself not far from some land, on the 
first voyage he nmdc on the discovery of the West 
Indies.” 

A few other Crustacea also form part of the 







peculiar fauna which is associated with the Sargasso 
weed, notably a swimming Crab, Neplunu s sayi, and 
two or three species of Prawns. All of these arc 
coloured olive-green, like the weed among which 
they live. 










CHAPTER VIII 
CRUSTACEA OF FRESH WATERS 


T HE Crustacean fauna of fresh water is much 
less rich and varied than that of the sea. 
Although the number of individuals in a pond or 
lake may be enormous, they will be found to belong 
to a comparatively small number of species. All the 
subclasses of Crustacea with the exception of the 
Cirripedia have representatives in fresh water, but 
in most of them only a very few of the families and 
genera comprise truly fresh-water species. In spite 
of the comparative poverty of the fauna, however, it 
is of very great interest, more especially with regard 
to the problems of geographical distribution 5 and 
the ease with which specimens may be collected 
everywhere, and kept in small aquaria, renders it 
a particularly attractive subject of study for the 
amateur naturalist. 

The general uniformity of the fresh-water fauna 
throughout the world has often been remarked. 
Darwin says: “ When first collecting in the fresh 
waters of Brazil, I well rcinombor feeling much 
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surprise at the similarity of the frosh-watcr insects 
shells etc, and at the dissimilarity of the surround' 
ing teaestrial beings, compared with those of 
Bulatn. this uniformity is well illustrated by 
mmy of the smaller Crustacea. In a gathering 0 f 
Uadocera, Copepoda, and Ostracoda, from Central 
Afaca or from Australia, we find that most of the 

whh h' a,K eve . ,l . some of thc spoclos, are identical 
with hose found m similar situations in this country 

It is by no means the case that all the species and 
gcneia are thus universally distributed, for there arc 
many, especially among the larger forms, which 
have a very restricted range; but this does not 
render less striking the general uniformity of the 
fauna over very wide areas, 

When we consider the physical environment of 
icsh-water animals, it scorns at first sight as if this 
wide distribution were the reverse of what might 
have been expected, for the area occupied by them 
s far more discontinuous than in the case of terras, 
trial or marine animals. The inhabitants of a pond 
or lake are to a great extent isolated ; and although 
they may spread to other ponds and lakes by way of 
communicating streams or rivers, where these are 

f t, 00 . S 7 ft y Jlowin R a,Kl are not interrupted by 
falls, yet direct passage from one river system to 
another is rarely possible. Further, since practically 
o whole of the fresh water on the surface of the 
globe is constantly flowing, more or less rapidly, 
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towards the sea, the smaller feebly swimming forms 
tend to be swept down with the current, and ulti¬ 
mately carried to perish in the sea. It follows that 
only those forms which possess special adaptations 
for dispersal arc able to flourish in fresh water. In 
many cases, as will be described below, the eggs of 
the smaller Crustacea can survive being dried up, 
and in this state they may be blown about by wind 
or carried to great distances in mud, adhering to the 
feet of migratory wading birds. Darwin says: “ The 
wide-ranging power of fresh-water productions can, 
I think, in most cases be explained by their having 
become rilled, in a manner highly useful to them, 
for short and frequent migrations from pond to 
pond, or from stream to stream, within their own 
countries ; and liability to wide dispersal would 
follow from this capacity as an almost necessary 
consequence” (“Origin of Species,” sixth edition, 
chapter xiii,). In accordance with this, we find that 
it is just those groups of Crustacea which show these 
adaptations for dispersal that arc most universally 
distributed in fresh water. On the other hand, the 
larger Crustacea, like the Crayfishes and River 
Crabs, which cannot so easily bo transported from 
ono locality to another, have as a rule a more 
restricted range. These larger forms, from their 
size and powers of swimming or creeping, can make 
their way upstream and spread throughout a river 
system, and in some cases they can leave the water 










and journey for short distances overland. On the 
other hand, since frcc-swimining larvjc would he 
liable to be swept out to sea, most of them have 
a direct development, the young only leaving the 
protection of the mother when they have attained 
the form and habits of the adult. When all these 
factors have been taken into account, however, there 
still remain many cases where the distribution oT 
individual species or of groups is hard to explain, 
and shows indications of dating from a time when 
the outlines of continents and the connections of 
river systems were different from wlmt they arc now. 

Heforo proceeding to mention some of the more 
characteristic forms of fresh-water Crustacea, it 
should be mentioned that in large lakes, as in the 
sea, we can distinguish a littoral fauna in lire shallow 
waters close to the shore, a plankton fauna of the 
surface waters, and a deep-water fauna. The littoral 
fauna docs not differ in gcncrnl characters from that 
found in smaller ponds and gcntly-llowing rivers; 
the plankton comprises many peculiar species allow¬ 
ing adaptations for dotation, us in the case of the 
marine plankton,’ and tho deep-water fauna is very 
poor in species and in individuals, and shows some 
relations with the subterranean fauna to ho men¬ 
tioned later. 

Of all tho subclasses of Crustacea, the Dmnehio- 
poda are tho most characteristically fresh-water 
animals, only a few Cladocora being found in the 










sea, and some Anostraca in salt lakes and brine 
pools. 

The larger Branchiopoda (Anostraca, Nolostraca, 
and Conchostraca) arc generally found in small, 
shallow ponds which arc liable to be dried up 
in summer. The “ Fairy Shrimp ” (Chirocephalns 
diaphanus: sec Fig. io, p. 35) has been found in 
swarms in the water standing in deep cart-ruts in 
a country lane in England, and Apus sometimes 
appears suddenly in rain-water puddles of a few 
square yards in area, which dry up after a few weeks 
of hot weather. The eggs of these animals, when 
dried in the mud, may remain dormant for long 
periods, and many species have been hatched out 
from samples of dried mud brought by travellers 
from distant countries. In such a sample from the 
Pool of Gihon at Jerusalem, it is recorded that the 
eggs of Esihefin (see Fig. xi, p. 3G) were found to 
be capable of hatching after being kept dry for nine 
years. In some species it is said that the eggs will 
not develop unless they have been first dried, but 
this is not the case with Chiroccphahts, In favour¬ 
able conditions development takes place very rapidly. 
Messrs. Spencer and Hall, in describing thoBranchi- 
opada of Central Australia, say : “ Certainly not more 
than two weeks after a fall of rain, and probably 
only a few days, numberless specimens of A pus, 
measuring in all about 2 j to 3 inches in length, were 
swimming about; and, as not a single one was to be 







found in the water-pools prior to the rain, theso 
must have been developed from the egg." 

From what has been said, it is apparent tlmt the 
larger Hranchiopoda arc particularly well fitted to 
be distributed by the agency of birds, and this is no 
doubt the explanation of the way in which many of 
the species suddenly appear in localities where they 
were previously unknown, and, after swarming for 
a longer or shorter time, sometimes for several suc¬ 
cessive seasons, as suddenly vanish. A striking 
example of this is afforded by /l/>us rmicri/urwiis 
(see Flute II.), which formerly occurred in several 
localities in the South of England, and appears more 
or less irregularly in many parts of the Continent of 
Europe. No British specimens had been recorded 
for over forty years, and l lie species was believed to 
be extinct in this country, when it was found in 1907 
by Mr. F. Balfour Browne in a brackish marsh near 
Southwick, in Kirkcudbrightshire. It can hardly be 
supposed that so large an animal as A pus, and one 
so easily recognized, would have escaped notice alto¬ 
gether had it occurred regularly in any part of the 
British Islands. It is much more probable that the 
Scottish specimens found in 1907 Imd developed 
from eggs accidentally transported by some bird 
from the Continent. In 1908 a careful search 
in the same locality failed to reveal a solitary 
specimen. 

The Anostraca and Nolostraca usually swim with 







occasion a specimen of A pm (Notoslraca) attacked 
by three Water-beetles, which were tearing its soft 
appendages, and they suppose that A pus generally 
escapes such attacks by swimming upside down. 

The breeding habits of the Branchiopoda are also 
of interest, from the prevalence in many species of 
reproduction by unfertilized eggs, or "partheno¬ 
genesis.” This may go on for many generations, 
and in A pus, for instance, it is possible to examine 
thousands of specimens before finding a single male, 
although, for some unexplained reason, males are 
sometimes comparatively common. It is probable 
that males must appear sooner or later, otherwise 
the series of parthenogonctic generations will come 
to an end; but it is not certain that this is the 


case, and there arc some species of Conchoslraca 
of which the males have never been seen. 

The genus Arlcmiit (Fig. 55), among the Anoslraca, 
is peculiar in its habitat j for, while most of the 
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Branchiopoda inhabit fresh or brackish water, it 
flourishes in concentrated brine. In the South of 
Europe it is found, as it was formerly in England, 
in. the shallow ponds in which sea-water is exposed 
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that the forms which have been described arc all 
variations of a single cosmopolitan species ranging 
from Greenland to Australia, and from the West 
Indies to Central Asia. A rtcinia is the only one of 
the Anostraca that is known to be parthenogcnctic, 
some colonies consisting entirely of females, while 
in others males arc abundant. The reddish colour 
above alluded to is found also in Byancltipus, A pus, 
and other Hranchiopoda, and is duo, as Sir Ray 
Lankestor first showed, to the presence in the body- 
lluids ot hicmoglobin, the red colouring matter of 
the blood of Vertebrates, which is important in the 
process of respiration. 

The smaller Branchiopoda known as “Water-fleas,” 
forming the order Cladocera, arc abundant every¬ 
where in fresh water. Daphnin pulex and other 
spaces of the genus, and the little Lynccidae, of 
which Chydorm spluerictis (Fig. 56) is the commonest 
species, arc to be found in ponds and ditches, and 






often swarm in farmyard ponds whore the water is 
foul with decaying matter. In most gatherings from 
such localities only female specimens will he found, 
and nearly all of these will he seen to carry a cluster 
of eggs or of developing embryos in the '* brood- 
chamber ” between the hack part of the body and 
the shell. In Dupfom pukx (sec Fig. 12, p. 37) a 
single brood may consist of 
thirty young, and occasionally 
of more than twice that number. 
As the broods may succeed each 
other at intervals of two or 
three days, it will he seen that 
the multiplication of the species 
in favourable circumstances may 
be exceedingly rapid. It has 
been calculated that in sixty 
days the progeny of a single 
female might amount to about 13,000,000,000. In 
addition to these parihonogcnelic eggs, which hatch 
at once while still within the brood-chamber, the, 
Cladoccra produce, at certain seasons, another kind of 
egg which requires to he fertilized by the male before 
it will develop. These eggs arc dark in colour and 
arc enclosed in a thick shell, and they do not hatch 
at once, but arc cast off when the shell of lire female 
is moulted. Very commonly these " resting eggs,” 
as they arc called, arc produced in the autumn and 
lie dormant until the following spring, and they can 
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(Fig. 57), where a saddle- 
shaped area on the dorsal 

side, known as the “ ephip- 
piuni,” becomes thickened, \ 

and on moulting separates 

7 * l<>«. 57—A Watbr-1'lra, 

from the rest of the carapace (Duphnia 1'bmm.k, 

r . with lvi’inmuM con- 
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closing the two resting eggs. afi^Liiijcbo^'.) (I ’ nrtly 

The outer wall of the cpllip- Tho Anicnnn is cm short. 

. . ..... . ,, Comnnra Vlg. 12,0.37. 

pmm is divided up into small 

hexagonal cells, which become filled with air, causing 
the ephippimn to float at the surface of the water. 
In this position the ephippia readily become en¬ 
tangled in tho feathers of birds, and in some eases 
tho shell is provided with spines or hooks, which 
facilitate transport to oilier localities by such means, 
The appearance of males and tho production of 
ephippial eggs—-in other words, the “sexual period" 
—•is generally more or less restricted to one season 


( I)aphnia [• ulex ), Kkhai.k, 
WITH lvi’tlimUM con¬ 
taining Two 0 Kitting 
Kurin .' 1 x 20. (Partly 
after Lllljcborg.) 

Tho Antenna is cut short. 
Compare Vig. 12, p. 37. 



of the year. In mosl species, particularly in those 
which live in lakes, the sexual period occurs in the 
laic autumn, and the ephippial eggs lie dormant 
clnrinf' the winter, and hatch in the spring. In 
species living in small ponds exposed to the tisk of 
overheating or of drying up during summer, there is 
often a distinct sexual period in the spring, when 
ephippial eggs sire produced to tide over the un¬ 
favourable conditions of the warmei months of the 
year. Although no species is known lobe exclusively 
parthenogcnetic, yet it appears that purely parlhcno- 
gcnotic colonies of certain species may he found in 
favourable localities, where they may reproduce from 
year to year without males ever being found. 

Certain species of Clndoceru belong to the plankton 
of lakes and large ponds, and show modifications 
which adapt them for a floating life. Some of these 
belong to the genus Daphnin, and differ from the 
species found in other situations by their glassy 
transparency. As in the case of many marine 
plankton Crustacea, this transparency is probably 
clue to the thinness of the shell and to the general 
watery condition of the body, giving the necessary 
buoyancy to enable the animal to remain constantly 
afloat. The same effect is no doubt produced by the 
long terminal spine of the carapace and by the great 
helmet-shaped crest into which the upper part ot 
the head is often produced. A form very character¬ 
istic of the plankton of largo lakes is ByIholreplies 








(Fig. 58), winch is found in the lakes of Scotland, 
Ireland, Wales, and the Lake District of England. 
In Bythotrephes the carapace docs not enclose the 
body, but is reduced to a small brood-sac; the 
addomeu, however, is drawn out into a long spine, 
which may be two or three times as long as the 
body. A further point of interest is the division of 
the eye into a dorsal and a ventral portion, differing 



in structure in much the same way as do the two 
divisions of the eyes in certain marine plankton 
Crustacea (see p. 152). Another very remarkable 
lacustrine form is Lcplodvya, the largest of all the 
Cladoccra, being sometimes more than half an inch 
in length. In this ease also the carapaco is very 
small, and does not enclose the body. The swimming 
antenna: arc very large, and the abdomen is long and 
divided into several segments. 

Lepiodora is further remarkable on account of its 
mode of development. The parthcnogonotic eggs, 
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as in other Olndocova, develop directly, but the 
resting eggs /?i vc rise to larvju of the muiplius type. 

Holopcdimn, which is found in similar situations, 
surrounds itself with a mass of a jelly-like substance 
which it secretes. A similar envelope of jelly is 
found in some marine plankton animals, though not, 
so far as is known, in any Crustacea, and it no 
doubt serves to give buoyancy to the animal. 

The Copepoila of fresh water are as abundant and 
universally distributed as the Clndoccra, Species 
of the genus Cyclops (sec big. t,|, p, 39), easily 
recognized by lire pear-shaped body and the two 
egg-packets carried by the female, are to be found in 
almost every pond and ditch. The genus Canlho- 
c<i>11 plus comprises species of smaller size, with 
slender, flexible body, and carrying only a single 
cgg-packct. The plankton of takes and ponds 
includes species of Dinplomus (big. 59), which have 
a narrow body and very long anlennnlcs. The latter 
arc held out stiffly while the animal swims by rapid 
movements of the unlcmuu and month parts, making 
occasional sudden leaps by means of its oar-like feet. 
In this genus also the egg-packet is single. The 
development can easily be studied by keeping egg- 
carrying females of Cyclops in a jar of water, when 
the nnuplius iarvtc will soon hatch out. 

Although the Copcpoda, unlike the Cladocera, arc 
not parthcnogeuctic, it has been found that certain 
spccieB of Dinptomns produce resting eggs capable of 










surviving freezing or drying. In the early pari of 
the breeding season the eggs have thin shells, and 
they hatch after a short time. In the autumn, 
however, thick-shelled eggs are produced, which lie 
dormant in the mud until the following spring. It 
has recently been discovered that species of Cyclops 
and Canlhocaiitplus pass through a resting stage, in 
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which the animal surrounds itself with a cocoon-like 
capsule of mud held together by a glutinous secretion 
produced by glands on the surface of the body and 
limbs. The encapsulcd animals, in the cases 
observed, lie dormant in the mud during the 
summer, to resume active life in the colder months 
of the year, It is very probable that they can also 
be dried without injury, and that the "cocoons” 





serve the same purpose as the resting eggs of other 
species. 

Numerous species of O.slrncods, belonging to the 
genus Cypris (see l'‘ig< 13, H, p. 3N), and other closely 
related genera, occur in fresh water. Like the 
Cladocera, they reproduce largely hy partheno¬ 
genesis, and the males of many species are rarely 
found, while in some species they have not yet been 
discovered. In Professor Weismnnn’s laboratory 
at Freiburg a colony of Cypris was kept in an 
aquarium for eight years, and during the whole of 
that time no males made their appearance, the 
colony reproducing exclusively by parthenogenesis. 
Probably in all species Lhe eggs survive drying. 

The common " Freshwater Shrimp" (Gant wants 
pulex), which has already been described, may be 
taken as a type of a large number of Amphipoda, for 
the most part closely allied, which are widely dis¬ 
tributed in most regions of the world, with the 
exception of the tropics. G, pulex itself ranges from 
the British Islands to Mongolia. As tho eggs 
arc carried, till they hatch, in the hrood-pouch of 
the parent, and are not known to Rttrvivc drying, it 
is difficult to understand in what way Owmwmis 
and its allies contrivo to spread from one locality 
to auothor. 

The little fresh-water Isopod Asellus aquatints 
(Fig. 60) is common in ponds and canals in this 
country. It may bo recognized by its general resem- 











bianco to a Woodlouse, with very long anlcnmo, and 
with a pair of long, slender, forked uropods project¬ 
ing behind. The species is widely distributed in 
Europe, and other species of the same and closely 
related genera are found in North America. 

In Australia and New Zealand the Isopoda arc 
represented in fresh waters by a very peculiar group 



of species, forming the suborder Phroatoicidca, 
which have more the aspect of Amphipods than of 
Isopods, since the body is more or less flattened 
from side to side, instead of from above downwards. 

With regard to the mode of distribution of the 
fresh-water Isopoda, thoro is the same difficulty as 
in the case of the Amphipoda, for the eggs are 


carried in a brood.pouch, and do not scorn to bn in 
any way protected against drought. It is no doubt 
“ naw l u “ncc of tins that the ftah-wntor ,,« cs 
and grant, of both Amphipoda and Isopoda, ilroS 
'vi ey istnbuted, do not have the world -wide 
nurse of .„n„y of the inore , ni , wt ^ 

described above. lcca 

The common Crayfish, Aslacm (or Potamobiu 
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various, winch usually inhabits brackish water umv 

occasionally be found in places where the water is 
practically fresh. The structure of the CrayM 
very s„ m ar to that of the Lobster, but, as ul^ 

having'^no* ? ^ ^ it9 modc of development- 
. 8 . n ,° ^swimming larval stage. From its 
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tlic funa c, the Crayfish cannot be transported from 

tribute 6 ?/ y t0 ,‘! n0t r her by tlu! a8encies which dis- 
t bute the smaller fresh-water Crustacea. On the 

. ! Ulnd ’ thc atlult animals can live out of the 
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and the Lnglish species is slated to leave the water 
occasionally, and to make short excursions on kmd 
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note tiuly amphibious in their habits. It i s dear 

owover, that the means of dispersal of the Cn y ! 

fl he are very limited, and on this account the 

problems connected with their geographical diatribe 
















tion arc of great interest. An admirable discussion 
of the subject will be found in Professor Huxley’s 
book on the Crayfish, and the conclusions reached 
by him have hardly been modified by thirty years 
of subsequent research. Only a very brief outline 
can be attempted here. 

Crayfishes are found in the fresh waters of the 
Northern and Southern Hemispheres (Fig. Gi)» but in 
each case they are practically confined to the tem¬ 
perate regions, and are absent from a broad inter¬ 
vening tropical zone. The Northern Crayfishes, 
forming the family AslacicUe (or Folamobiidtc) arc 
distinguished, among other characters, by having a 
pair of appendages on the first abdominal somite, 
at least in the male sex; the Southern Crayfishes 
have no appendages on that somite, and for this and 
other reasons arc regarded as constituting a distinct 
family—Parastacidte. There is thus a general corre¬ 
spondence between the geographical distribution of 
the Crayfishes and the more important structural 
differences expressed in their classification. There 
can be no doubt that the two families have been 
derived from a common stock of marine lobster-like 
animals, and it is reasonable to suppose that two 
branches of this stock became independently adapted 
to a fresh-water habitat in the North and in the 
South, giving rise to the Astacidai mid Lhe Par¬ 
astacidte respectively. 

The distribution of the individual geneva is, how* 
























ever, not so easy to understand. The species found 
in Europe all belong to the genus /lstacus, which 
also penetrates into Asia as far as Turkestan and the 
basin of the River Obi. 

Throughout the greater part of Asia no Crayfishes 
are found until we come to the Far East, where we 
find an isolated colony in the river-system of the Amur, 
in Korea, and in the north of Japan. These far eastern 
Crayfishes, however, differ so much from the typical 
species of Aslacus that they are now placed in a 
subgenus {sometimes regarded as a distinct genus), 
Cambaroidcs . Curiously enough, the typical genus 
/ls/rtm reappears again on the other side of the 
Pacific, where several species occur in that part of 
North America which lies west of the Rocky Moun¬ 
tains. East of the Rockies, again, numerous species 
are found belonging to a distinct genus, Cambarus, 
which ranges from Canada to Central America and 
Cuba, and this genus is allied in certain respects to 
the Cambaroidcs of Eastern Asia. If the systematic 
relations of these genera have been properly inter¬ 
preted, it is by no means easy to understand in what 
way their present distribution has been brought 
about. 

The Southern Crayfishes have an even more scat¬ 
tered and discontinuous range. In New Zealand the 
genus Paraucphrops occurs, in Australia and Tasmania 
the genera /ls<«co/>sts (Plato XX.), Chemps and Engaus 
(Plate XX.). A single species of Cheraps has been rc- 
12 


corded from New Guinea, hut no Crayfishes are found 
in any part of the Malay Archipelago, in Southern 
Asia, or on the continent of Africa, although, 
curiously enough, a single species of a peculiar 
genus (Asiacoiths) is found in Madagascar. In South 
America species of /\wisfuciis arc found in Southern 
Brazil, Argentina, and Chili. It is evident that 
these various genera of Parastacida:, which arc now 
so widely isolated from each other, must have reached 
their present habitats when the relative distribution 
of land and sea in the Southern Hemisphere was 
very different from what it is now. What exactly 
the nature of the land connection between the various 
islands and continents was, whether by way of an 
Antarctic continent or otherwise, is a question that 
can only be suggested hove. To attempt to answer 
it would involve the consideration of the distribution 
of many other groups of animals besides Crayfishes, 
Before leaving the Crayfishes, it may be mentioned 
that certain species have become adapted to almost 
terrestrial habits. A number of species of Cainhams 
in North America are often found at considerable 
distances from open water, burrowing in damp cartii, 
their burrows reaching down to the ground-water. 
In many cases they throw up chimncy-liko piles of 
mud at the mouths of their burrows, and in places 
their chimneys are so numerous as to " hamper 
farming operations by interfering with the harvesting 
machines, clogging and ruining them,” The species 


































of Euf'icus (Plate XX.), found in Tasmania, are there 
known as " Land Crabs,” and burrow in marshy 
places and in the forests up to an elevation of 
.[.ooo feet. 

'Pile broad equatorial belt which separates the 
regions inhabited by the Northern and the Southern 
Crayfishes is characterized by the presence of several 
other groups of fresh-water Dccapoda. The large 
River Prawns, which arc found nearly every¬ 
where within the tropics, belong to the genus 
Pala-nion (Plate XXL), which is very closely related 
to the common marine Prawns ( Leantler ) of our own 
coasts. Some of these Prawns grow to a foot or 
more in length of body, and the large claws may 
measure as much again. Prom the Crayfishes, for 
which they arc sometimes mistaken, they may be 
easily distinguished by the fact that the large pincer- 
claws arc not the first, but the second pair of legs. 
Another widely-spread group of River Prawns, for 
tho most part of small size, is the family Alyidte 
(Plato XXII.), in which the two pairs of pinecr- 
claws are feeble, and have the fingers tipped with 
brushes of long hairs, used in sweeping up minuto 
particles of food from tho mud. The distribution of 
these Prawns presents many difficult problems, as an 
example of which we may mention the presence of 
identical or closely related species in the fresh waters 
of West Africa and of the West Indies. 

Tho Brachyura (or Crabs) include many species 
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that live in fresh water. Some of these, like the 
species of Sesarma (see Plate XXIII.) and some other 
genera of the family Grapsidm, are common through-, 
out the tropics, passing up the rivers from the 
brackish water of estuaries, and being often found 
long distances inland in quite fresh water. The true 
River Crabs, however, belong to the family Potamo- 
nidfe, and arc very common throughout the warmer 
regions of the globe. One species, Palawan ctlulc 
(Plato XXIIL), formerly called Tdphtm Jluviatilis, is 
found in the South of Kuropc (Italy, Greece, etc.). 
Very numerous species, as yet only imperfectly 
known, occur throughout the whole of Africa, in 
Southern Asia, and in the Malay Islands, extending 
to Australia in the south and Japan on the north. 
In the New World the River Crabs are found in 
South America, and extend north to Mexico and the 
West Indian Islands. Many of the River Crabs arc 
amphibious in habits, and may he found burrowing 
in marshy ground or in damp forests. The young 
are hatched from the egg with all the appendages 
developed, and they remain clinging to the abdomen 
of the mother until after the llrst moult, when they 
arc perfectly-formed little crabs (see Fig. ;jr, p. 78). 

The groups which have been mentioned are all 
characteristic inhabitants of the fresh waters over 
considerable areas of the surface of the globe. There 
arc, however, in addition to these, certain Crustacea 
which occur in isolated localities, and have no close 
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allies in fresh waters elsewhere. In the streams of 
Southern Brazil and Chili there is found a small 
Crustacean (SEglca l&vis —Plate XXIV.), not unlike 
the Galatheas of our own coasts, which is interesting 
as being the only species of the Anomurn found in 
fresh water. Still more remarkable arc the Syn- 
carida, which arc represented by two species of 
*' Mountain Shrimps ” (sec Fig. 84, p, 264) in Tas¬ 
mania, and by a third species found near Melbourne. 
These forms have no near allies among living 
Crustacea, but appear to be related, as will be shown 
in a later chapter, to certain fossil Crustacea found 
in Paheozoic rocks. 

Belonging to a different category from any of 
those mentioned arc certain Crustacea closely allied 
to, or identical with, species living in the sea, which 
inhabit inland lakes where no direct passage from 
the sea is now possible. Attention was first called 
to these in the case of some of the large lakes of 
Sweden, in which Professor Lov6n found some Crus¬ 
tacea-— Mysh rriicla (see Fig. iG, p, 47), Mesulotea 
enlomon, Ponlopom'a a/ftnis —almost or quite identical 
with species inhabiting the Baltic, the Arctic Ocean, 
and the North Atlantic. There is geological evidence 
to show that these lakes were once fjords, or arms 
of the sea, and have become cut off from com¬ 
munication with the Baltic by gradual elevation of 
the land. The marine animals which they contained 
would thus be imprisoned, and as the water became 




less mid less salt, by the inflow of rivers, certain 
species which were able lo accommodate themselves 
to the altered conditions would survive. Some of 
tile species living in the Swedish lakes have since 
been found to have a wider distribution. Thus, 
Mysis relkta , which should perhaps be reckoned as 
only a variety of the Mysis ncululu of Arctic seas, has 
been found in lakes in Russia, North Germany, and 
North America (Lake Superior and others), and has 
lately been discovered in Lough Neagh and some 
other lakes in Ireland. 

The brackish waters of the Caspian Sea contain a 
very remarkable assemblage of animals, including 
many Crustacea, which, although now quite isolated 
from the oceans, arc certainly of marine, and in part 
of Arctic, origin. Among these are some species 
closely allied toot identical with those of the Swedish 
lakes already mentioned, together with a great variety 
of species of Mysidacea, Cumacea, and Amphipoda, 
which appear to have been evolved from marine 
forma since the Caspian was cut off front communica¬ 
tion with the Arctic Ocean. 

To such assemblages of animals derived from 
marine species and isolated in inland lakes the name 
of" relict ” faunas has been given. It is necessary to 
use caution, however, in extending this explanation 
of their origin to every case of peculiar lake faunas. 
For oxamplc, there arc difficulties in the way of 
supposing that Lake Baikal was ever in open and 
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direct communication with thu sea, although it con¬ 
tains many animals, such as seals, which arc certainly 
of marine origin. The chief Crustacea of tlio lake are 
numerous species of Amphipods belonging to the 
genus Gamuiarus , and other genera closely related, 
thereto, and for these, at till events, there is no need 
to assume a " relict ’’ origin. 

One of the most remarkable lal<09 in the world 
from a zoological point of view is Lake Tanganyika 
in Africa. When it was found that this lake con¬ 
tained a fauna very different from that of the other 
great lakes of Africa, it was rashly assumed that it 
must bo of relict origin, and somo remarkable specula¬ 
tions were indulged in as to tho former connection 
between tho lake and the sea. Further research, 
while it lias greatly emphasized tho peculiar nature 
of the fauna, has entirely disposed of the view that 
it originated in this way. The Crabs and Prawns, 
for example, are not nearly related to marine forms, 
but belong to groups that aro characteristic of fresh 
waters in the tropics. While Nyassa and the 
Victoria Nyanza have as yet only yielded a single 
species of Prawn, and that one of enormously wide 
distribution (from the Nile to Queensland), Tangan¬ 
yika contains no fewer than twelve species, all of 
which are peculiar to the lake, while all except one 
belong to genera unrepresented elsewhere. Similarly, 
the Crabs found in tho other groat lakes of Africa 
belong to commonplace types of River Crabs of the 




genus Pollution ; in Tanganyika, in addition to some 
of these, there are three species of n remarkable 
genus, Plalylclphtisit , not known from any other 
locality. The Copepoda and Oslracoda of Tangan¬ 
yika comprise a remarkably large number of species, 
many of them peculiar to the lake. A most unusual 
feature is the entire absence of Cladocera. It is not 
easy to explain the occurrence of this remarkable 
fauna in Tanganyika, but the evidence from other 
groups of animals, such as Mollttsca and lishes, tends 
to suggest that the lake must have been, until recently, 
completely isolated from the other lakes and river- 
systems of Africa, that it had no outlet, and that the 
water was consecpicntly more or less brackish. 
Under these conditions the fauna of the lake, 
originally similar to that of the other African lakes, 
has evolved along lines of its own. 

A very interesting division of the fresh-water fauna 
is constituted by those animals which inhabit under¬ 
ground waters. In the South of Kngland there is 
found not unfrcquontly in the water of wells a small 
colourless transparent Amphipod known as the 
" Well Shrimp " (Niphargus atjuilex —Tig. 62), distin¬ 
guished from the common fresh-water Guininunis by 
the slenderness of its body, by the elongation of the 
last pair of tail appendages (uvopods), and by the 
absence of eyes. The proper habitat of Niphargtts is 
not actually in the wells, but in the subterranean 
reservoirs and streams by which the wells are fed. 


















These subterranean channels intercommunicate over 
wide areas, and are now known in many parts of the 
world to contain a peculiar assemblage of animals 
which become accessible to the naturalist in wells and 
in the streams and lakes of large caves. Further, 
the scanty “ abyssal ” fauna of deep lakes is partly 
made up of species which enter the lakes by sub¬ 



terranean channels, and find a suitable habitat in 
the deep water. Species of Nip/uirgus, for example, 
have been dredged in Lough Mask in Ireland and in 
some of the Swiss lakes. 

Several species of blind Crayfishes have been found 
in eaves in North America, the best known being one 
(Cambants pellucidus —Plate XXV.) found in the 
Mammoth Cave in Kentucky; and blind Prawns 


belonging to various genera. have boon discovered in 
caves in America, and Kuiope. 

A very remarkable feature of the subterranean 
fauna is that a number of the animals appear lo be 
more closely allied lo marine species than to any 
known from fresh waters above-ground. This is 
especially the case with some of the Isopodn belong¬ 
ing to typically marine families like the Cirolanidw 
and Amhuridie, and it has been suggested that these 
have been derived from marine species which have 
entered the underground waters directly from the sea 
by way of submarine fissures in the crust of lire 
earth. 

The environment in which these subterranean 
animals live resembles that of the deep-sea animals 
in tile absence of light, ttiul lheconsei|nenl absence of 
plant-life. They must ultimately depend for food on 
animal and vegetable ddbris washed down from the 
surface, but the food-supply must be scanty, for the 
water in which they live is usually very clear und 
free from organic matter, ll is not surprising to find 
llmt nearly all of them arc blind, and the few species 
provided with visual organs which havobeen described, 
from caves, arc probably only temporary or accidental 
immigrants. Whether the degeneration of the eyes 
is tho direct effect of diBiiso, or is duo lo natural 
selection censing to keep tho eyes up to the standard 
of usefulness, is a question which has been much 
debated, and its answer, wore we Bure of it, would 
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cltlc some of the moat fundamental problems of the 
■volution theory. 

At all events, we do not find in any truly subter- 
unenn species largo and peculiarly modified eyes 
ike those of many deep-sea animals, and this may 
ie associated with the complete darkness of their 
mbilat, not lighted by phosphorescent organisms as 
he deep sea is. In another respect these animals 
differ from those of the deep sea, for they are ail 
'.olourlcsB or nearly so; while many of the inhabitants 
if the deep sea, as we have already seen, arc brilliantly 
coloured. 
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'T^HKRli is every reason lo believe that the 
J- Artlnopodu, like the other great groups of 
the nnimul kingdom, had their origin in the sea; but 
they must have invaded the dry land nt a very early 
period, and most of the classes into which the group 
is divided—the Arachnids, Myriapods, and Insects 
—are now predominantly terrestrial in their habits. 
The Crustacea alone have remained for the most 
part aquatic animals, and only in a comparatively 
few cases have they succeeded in adapting them¬ 
selves completely lo an air-breathing existence. As 
already mentioned, a considerable number, both of 
marine and of fresh-water species, are more or less 
amphibious in their habits. Thus, tho common 
Shoro Crab of our own coasts and tho Grapsoid 
Shore Crabs of warmer seas voluntarily leave the. 
water and scramble about among the rocks between, 
and even above, tide - marks. Some Crabs, like 
Ocyfiode and Chiasmus (see l’late XV.), have gone 
farther towards becoming land-dwellers, since their- 
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gill chambers arc adapted to serve as lungs for 
breathing air, and some species may even bo drowned 
by keeping them in water. The marsh-dwelling 
or fresh-water Crabs of the genus Sesarma (see 
Plate XXIII.) and allied genera are also apparently 
to some extent air-breathers, and one species, A ratus 
pisonii, is stated by Fritz Mtiller to climb mangrove 
bushes and to feed on their leaves. Some Crayfishes, 
like the Bngasm of Tasmania (see Plate XX.), already 
mentioned, are practically land animals. Finally, 
some Atnphipoda, closely allied to the Sand-hoppers 
of British coasts, live in damp places on land, 
although they do not show any conspicuous modi¬ 
fications of structure to adapt them to this mode of 
life. Of one of these Amphipoda, TalUnts sylvalicus, 
Mr. G. Smith writes: “This species of land-hopper 
is widely distributed in the highlands of Tasmania, 
being found under logs and leaves in the forests on 
Mount Wellington, and in very great abundance in 
the beech-forests on the mountains of the west 
coast.” 

It will thus be seen that it is impossible to draw 
any sharp distinction betwcon aquatic and terrestrial 
Crustacea, and it is chiefly from motives of con¬ 
venience that wo have left to bo dealt with in this 
chapter three groups of land-dwelling Crustacea— 
the Land Crabs of the family Gccarcinidec, the 
Land Hermits (Ccenobitidfc), and the Land Isopods, 
or Woodlice (Oniscoidca), 




Tho Gecarcinidtc tire abundant in the tropics of 
the Old and New Worlds. Some of the species at 
least, probably all, visit the sea at intervals for tho 
purpose of hatching off the eggs carried by tho 
females, and the larval stapes are passed in the sea. 
In the case of Gecaicimm ruricola (Plate XXVI.), a 
species very common in the West Indies, the migra- 
tion to the sea lakes place annually durinp the 
rainy season in May. The Crabs are described as 
coming down from the hills in vast multitudes, 
clambering over any obstacles in their way, and even 
invading houses, in their march towards the sea. 
Stobbing stales that “The noise of their march is 
compared to the rattling of the armour of a regiment 
of cuirassiers.” Tho females enter the sea to wash 
off tho eggs which they carry attached to their 
abdominal appendages, or rather, probably, to allow 
the young to hatch out. The Crabs then return 
whence they came, and are followed later )>y tho 
young, which, having passed through their larval 
stages in tho sea, leave tho water, and are found in 
thousands clinging to tho rocks on the shore. 

On Christmas Island, in the Indian Ocean, 
Dr. C. W, Andrews studied the habits of another 
Land Crab, of which tho proper name seems to be 
Gecarcoiilea (alandii. Ho says: " This is the com* 
monost of tho Land Crabs inhabiting the island, and 
is found in great numbers everywhere, oven on the 
higher hills and tho more central portion of tho 





















plateau. In many places the soil is honeycombed 
hy its burrows, into which it vapidly retreats when 
alarmed. These Crabs seem to feed mainly on dead 
leaves, which Urey carry in one claw held high over 
the hack and drag down into the burrows. From 
their enormous numbers, they must play a great part 
in the destruction of decaying vegetable matter and 
its incorporation into the soil." 

“ Once a year, during the rainy season, they descend 
to the sea to deposit [or, rather, to hatch out} their 
eggs, and during this migration hundreds may be 
seen on every path down steep slopes, and many 
descend the cliff-faco itself. They remain on the 
beach for a week or two, and . . . afterwards gradually 
make their way hack to their accustomed homes.’’ 

In the year of Dr. Andrews' first visit to tho 
island (1898) this migration occurred in January. 
On a subsequent visit to the island in igo8 ho 
obtained specimens of a large Mcgalopa larva (see 
p. 70) which occurred in enormous quantities in 
tho sea shortly after tho migration, and also of a 
small Crab which appeared in similar numbers at a 
slightly later dato. It seems practically certain that 
these larva; andyoung aro those of Gtcarcoidca lalandii, 
A second species of Land Crab, Ccwftsonui hirtipes, 
found on Christmas Island, has very different habits 
from the foregoing. Dr. Andrews says of it: “In 
this island, at any rate, this species must be regarded 
as a fresh-water form, and, in fact, when a specimen 




was seen it might be taken as an indication that 
fresh water was not far off. It lives in deep holes in 
the mud at the sides and bottom of the brooks.” 
Dr. Andrews tells me that he never saw this species 
at or near the sea (in marked contrast to Gccar- 
coitlcn), and this agrees with the observations of 
other travellers on species of the genus Curdisoma, so 
that the breeding habits remain unknown. There is 
every probability, however, that in this ease, also, the 
young stages arc passed in the sea. 

The student will find, ill many textbooks cm 
zoology, the statement that some Land Crabs of the 
genus (tecarchws develop without metamorphosis. 
Although it is impossible, with our present know¬ 
ledge, to state definitely that this is not the case, 
there is absolutely no evidence to support it, and it 
is an interesting example of the way in which 
erroneous statements sometimes gain currency in 
science. 1 It is based upon the fact that in 1833 
Professor J. O. Westwood described the early stages 
of" a West Indian Land Crab,” in a paper " On the 
Supposed Existence of Metamorphosis in the Crus¬ 
tacea,” published in the Transactions of the Royal 
Society. Professor Westwood found that the em¬ 
bryos extracted from the egg possessed all the 
appendages of the adulL except the swimmerets, and 
that young specimens clinging to the abdomen of 

1 I nm indebted lo Mr. J. '1'. Cunningham for culling my 
attention to some of tho facia hero recorded. 











published in 1853, states that some of the original 
specimens had come into his possession. They con¬ 
sisted of the detached abdomens of female Crabs, 
with eggs and young adhering to them. It would 
be by no means easy to identify the species of Crab 
to which a detached abdomen belonged, and there 
is nothing in the whole history inconsistent with the 
supposition that these observations really relate to a 
River Crab of the family Potamonid®, of which at 
least one species, Pscudolhclphusa dcntala, is known to 
occur on the island of St. Vincent. As we have 
already seen, some of theso River Crabs are quite as 
much land animals as the Gccarcinid®, and they arc 
known to have a direct development. 

The Gecarcinid® possess well-developed gills, but 
in addition the gill chambers are modified for air- 
breathing, as in some other amphibious Crabs 
J3 




(Ocypodc, Gclasimns, etc.), Each chamber is capacious 
and vaulted, and the lining membrane is thick and 
richly supplied with bloodvessels, and is folded so as 
to divide off the upper part of (he chamber ns a sort 
of pocket. 

The Land Hermit Grabs of the family Ccuno- 
bilidfe arc found on the coasts of all tropical seas. 
Like the Gccarcinidie, they visit the sea periodically 
for the purpose of hatching off the eggs, and the 
larval stages are marine. The species of the genus 
Cmiobila (Plate XXVI.) resemble the marine Hermit 
Crabs in general shape, and like them use the shells 
of Gastcropod Molluscs as portable shelters. Where 
shells arc scarce, oilier hollow objects are occasion¬ 
ally utilized; for example, largo individuals will 
sometimes carry about the shell of a broken coco¬ 
nut, and a specimen has been seen to walk off in a 
cracked test-tube discarded by a naturalist who was 
investigating their habits. In one instance Pro¬ 
fessor Alcock saw an individual “so big that it 
seemed to have given up hope of finding a house, and 
was wandering about recklessly, with its tail behind 
it all unprotected.'' 

The Coenobites often climb into bushes in search 
of food, and Dr. Alcock " once found one of thorn 
busy, like a largo bco, among the florets of a coco¬ 
nut, which made mo wonder whether they may not 
sometimes play a part in fertilizing flowers." They 
arc, however, by no moans exclusively vegetarians. 




The author just quoted describes a visit to Pitti 
Hank in the Laccadive Archipelago, the breeding- 
ground of two species of terns. The ground was 
everywhere strewn with the dead bodies and clean- 
picked skeletons of the young birds. “ We soon dis¬ 
covered that one great cause of the wholesale 
destruction of young birds was the voracity of 
swarms of largo Hermit Crabs ( Ccvnobila ), for again 
and again we found recently killed birds, in all the 
beauty of their first speckled plumage, being torn to 
pieces by a writhing pack of these ghastly Crus¬ 
taceans. There were plenty of large Ocypodo Crabs, 
too (0. cerabplUhnhnus), aiding in the carnage.” 

On Christmas Island Dr. Andrews found a species 
of CaMobita not unfrcqucntly in the higher parts of 
the island far from the sea, and he remarks that the 
occurrence of large marine shells high up on the 
hills seemed very puzzling until it was noticed that 
they were brought by the Hermit Crabs. 

The species of Cmiobitn possess a very curious 
adaptation for aerial respiration. The soft skin of 
the abdomen is traversed by a network of blood¬ 
vessels and acts as a kind of lung, and a pair of 
contractile vesicles at the base of the abdomen serve 
as accessory hearts in promoting a specially active 
circulation in that part of the body. The lining 
membrane of the gill chambers also appears to aid in 
respiration as in other terrestrial Decapods. 

The “ Robber Crab " or “ Coconut Crab ” (Birgns 






lalro —Plate XXVIl.) also belongs to the family 
Cccnobitida:, and has attracted much notice from its 
relatively gigantic size and its singular hahits. Ah 
though resembling Canohita closely in essential 
structure, Birgits differs from it and from most other 
Hermit Crabs in not making use of a portable 
shelter, perhaps owing to the difficulty of obtaining 
one of suitable size. The necessary protection for 
the abdomen is obtained by a redevelopment of the 
shelly plates (terga) on the upper surface of the 
abdominal somites. The abdomen is carried doubled 
underneath the body to protect the soft under¬ 
surface, and the animal, when threatened, seeks a 
shelter for its vulnerable hinder part in the nearest 
hole or cranny. The swimmcrols arc absent in the 
male sex, and arc present only on one side of 
the abdomen in the female. This unsymmclrical 
development of the appendages is interesting as 
indicating tho derivation of the Robber Crab from 
ancestors adapted to living in tho unsymmetrical 
shells of Gastoropod Molluscs. The last pair of 
abdominal appendages, which in other Hermit 
Crabs servo to hold tho body in the shell, arc here 
much reduced in size, and quite useless for that 
purpose. The carapace is very broad posteriorly, 
owing to tho groat development of tho branchial 
cavities, which are much too capacious for the very 
small gills. As In the true Land Crabs, the lining 
membrane of tho gill cavity is thick and spongy, and 
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traversed by numerous bloodvessels; but in this case 
its efficiency as a lung is added to by numerous 
tufted papilla*, which increase the surface exposed 
to the air. 

As in other Hermit Crabs, the last two pairs of 
tegs are shorter than the others, and they end in 
small chelae. The last pair arc very slender, and arc 
usually carried folded up within the gill chambers, 
which they possibly serve to keep clear from foreign 
bodies. The penultimate pair of legs arc stouter, 
and the two pairs in front of these are long walking 
legs. The chclipeds arc very strong and are of un¬ 
equal size. When attacked, the animal defends 
itself, not, as might have been expected, with its 
chclipeds, but with the first pair of walking legs, the 
sharp points of which form very efficient weapons. 

The statement that the Robber Crab climbs lofty 
trees was first made by the Dutch naturalist 
Rmnphius, in the beginning of the eighteenth 
century. Its accuracy has been often doubted or 
denied since then, and only finally put beyond 
dispute by a photograph taken on Christmas Island 
by Dr. Andrews, which shows one of these Crabs in 
the act of descending the trunk of a sago-palm. It 
seems not impossible that the habits of the animal 
may vary to some extent in different localities, and 
that whero food is abundant on the ground the Lree- 
cliinbing habit may bo in abeyance. If this were so, 
it would explain the very doiinito statements made 







by some observers, that llirgm does not climb 
trees. 

In localities where coconut palms abound, liirgus 
feeds largely on the nuts, tearing off the fibrous outer 
husk and breaking open the shell by hammering 
with its powerful claws at one of the " eye-holes." 
According to Darwin in his " Naturalist’s Voyage," 
the pincers of tlu: penultimate pair of legs me used 
for extracting the contents of the nut, hut this 
observation docs not seem to have been confirmed. 
In spite of its name of " Coconut Crab," however, 
liirgus by no means feeds exclusively on coconuts. 
On Christmas Island, where until recently there 
were no coconut palms, the Crabs are exceedingly 
abundant, and, according to Dr. Andrews, they “eat 
fruits, the pith of the sago-palm and the screw-pines, 
dead rats and other carrion, and any of their fellows 
that may have*been injured... . They are excellent 
scavengers, and have a curious lmhit of often drag¬ 
ging their food long distances before attempting to 
cat it. I have seen a Crab laboriously pulling a 
bird’s wing up the first inland cliff, half a mile or 
more from the camp whence it had stolen it." 

Large specimens of the Robber Crab may bo at 
least a foot in length of body when the abdomen is 
straightened out. Their great strength is illustrated 
by the fact, related by Darwin, that specimens 
placed infa strong biscuit-tin, of which the lid was 
secured by wire, escaped by turning down the edges 
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with their claws, and in doing so actually punched 
holes quite through the tin. 

The breeding habits and mode of development of 
the Robber Crab have often formed the subject of 
inquiry by naturalists, but it is only recently that 
Dr. Willey has been able to prove definitely that the 
female visits the sea for the purpose of hatching off 
the eggs, and that the young are hatched in the zoba 
stage. The larva; obtained by Dr. Willey have been 
described by Mr. Borradailc, who finds that, as was 
to be expected, they closely resemble those of 
Ccenobita. There appears, however, to be no such 
simultaneous migration of the Crabs towards the sea 
as has been described in tiic case of the Gecarcinidie. 
The statement, quoted by Darwin, that Birgits visits 
the sea every night for the purpose of moistening its 
branchial, cannot be universally applicable, since the 
Crabs are often found, as on Christmas Island, at 
distances from the sea which put a nightly journey 
to it out of tho question. 

Of all Crustacea, tho most completely adapted to 
terrestrial life arc the Land Isopods, or Woodlice, 
which may be found in every garden. It is true 
that most species arc found in damp places, although 
some that inhabit the sandy deserts of Asia and 
Africa must bo content with a very slight degree of 
humidity ; and in no case is their dependence on 
moisture greater than, for instance, that of many 
Insects and Arachnids which are regarded as typically 








terrestrial animals. Since there is reason to believe 
that the Woodlice have been derived from marine 
ancestors—they show no special affinities to the 
fresh-water Isopodn, like /Isef/ns—it is interesting to 
find that the most primitive forms, which have de¬ 
parted least from the general Isopod type, arc 
commonly found on or near the seashore. The 
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" Sea-slater,” Ligia oceauica (Fig. 63), which is 
abundant in rocky places on our own coast, is one 
of the most primitive forms. It has a broad, Jlat- 
tenod, greenish-brown body, about an inch long, and 
it runs quickly, creeping into narrow crevices of the 
rocks, so that it is not easy to catch. The anten- 
nules, as in the other land Isopods, arc very minute, 
but the antenna; are long, and have, bosidcs the live 
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segments which form the “ peduncle," a “flagellum " 
of about twelve short segments. The uropods or 
tail appendages are long, each with two slender, 
pointed branches. On the under - side of the 
abdomen can be seen the five pairs of pleopods, each 
with two plate-like branches attached to a very short 
peduncle. As in most aquatic Isopods, the plates of 
the pleopods arc soft and thin, and appear adapted 
to act as gills, although the outer plate of each pair 
is somewhat stiffer than the inner. The Sea-slater 
is generally found just above high-water mark, prob¬ 
ably always within reach of the salt spray, and it is 
said sometimes to enter the water of rock-pools. 

In almost every garden there may be found, under 
(lower-pots and the like, a Woodlouse, about two- 
thirds of an inch long, of a brown colour, with 
yellowish blotches arranged in a row on each side of 
the back. This is Oniscits ascllus, a species widely 
distributed in Europe and North America. It has 
the antenna: shorter than in Ligia , and the flagellum 
is composed of only three segments. The uropods 
are quito short. The endopodites of the pleopods 
arc membranous gill-plates, which serve for respira¬ 
tion in the moist air in which these animals generally 
live. The exopodites arc stiff plates which cover and 
protect the delicate endopodites ; it is probable that 
they also aid in respiration, for they contain a 
system of minute channels, filled with air, where the 
cuticle is separated from the underlying cells. As 






these channels arc nowhere open to the outside, the 
ait - must iind its svay in by diffusion through the 
cuticle. 

Even more abundant than Outsells ascii us, and 
often found together with it, is Poncllin sealer (see 
Fig. 20, p. 5r). It is usually of a dark bluish-grey, 
but occasionally it is irregularly mottled with a 
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lighter colour. The flagellum of the antenna has 
only two segmonts. The most interesting difference 
from Oniscus, however, i9 found in the plcopoda. If, 
tho undor-sidc of the living animal be examined with 
a pocket lens, a white spot will be seen on each 





air, and they sorvc to aerate the 
blood circulating in the interior 
of the appendage. 

Another Woodlouse common 
in England is Arinaditliilium 
vulgare (Fig. 65), a little slaty- >'ig. 6j-Armiliiiiiltum 
grey species with a very con- Sma.) 
vex body, wliich rolls itself 
into a ball when touched. Like the last-mentioned 
species, it has two segments in the flagellum of its 
short antenme, and it has tufted air-tubes in the 
exopodites of the first two pairs of pleopods. It is 
often mistaken for an animal of widely different 
structure, which it superficially resembles—the Pill 
Millipede (Glomms marginata). The latter, however, 
may easily be recognized by having cither seventeen 
or nineteen pairs of walking legs (instead of seven 



pairs), set close together in the middle line of the 











body, and by lacking the plate-like plcopods. The 
resemblance between the two animals can hardly be 
regarded as a ease of " mimicry," since there is no 
reason to believe that either benefits by its likeness 
to tho other. As in so many other cases of " con¬ 
vergent resemblance ” between animals of different 
structure, it does not seem possible to get beyond 
the vague suggestion that a similarity in habits may 
have led, in some way that wo do not understand, to 
a similarity in appearance. 

The presence of air-tubes in tho plcopods of many 
Woodlice raises some questions which are of impor¬ 
tance with reference to the classification of the 
Arlhropoda as a whole. 'The Six-legged Insects, 
most Spiders and many of their allies, the Centi¬ 
pedes and Millipedes, and the worm-like I’eripalus, 
all breatho air by means of fine tnhes which pene¬ 
trate throughout tho body, and bring the air into 
close contact with the tissues. These tubes, which 
arc known as “ trachofo," arise as ingrowths of the 
outer layer of the embryo, and arc lined by a delicate 
continuation of the external cuticle. It has been 
held by some zoologists that so peculiar a system of 
breathing organs must indicate a common descent 
of the animals that possess them, and accordingly 
it has been proposed to separate tho Insects, Arach¬ 
nids, Myriopods, and Pwipatus, as a group, Tcachcata, 
from the Crustacea and some other Arthropods which 
have no tracheie. The air-lubes of tho Woodlice, 







however, are precisely like trachea in structure 
and (unction, and only differ from the trachea 
of the other groups in the fact that they are 
confined to the appendages, and do not penetrate 
into the body. Since the Woodlicc are a small and 
highly specialized branch of the Crustacea, wc can 
hardly suppose that they derive their trachea from 
any ancestral type which they Imd in common with 
the widely different Arachnids, for example; and if 
trachea have been evolved independently in these 
two groups, there seems no reason why those of the 
Insects may not have arisen independently of cither. 
This is only one example out of many which go to 
show that, in attempting to reconstruct the genealogy, 
or phytogeny, as it is called, of the animal kingdom, 
wc must constantly admit the possibility of “con¬ 
vergent evolution.’’ 

Although Woodlicc arc very common animals, com¬ 
paratively little is known of their habits. They 
seem to live chiefly on vegetable food, and sometimes 
damage seedlings and tender plants in gardens and 
greenhouses, but occasionally they arc carnivorous, 
and oven cannibalistic, in their habits. A few species 
live as “ guests ” in ants’ nests, and one of theso, 
the little blind white Phlynrthrus hoffmanmeggii, is 
common in many localities in this country. Why 
the ants tolerate their presence wc do not know, 
for they do not seem to render any service to their 
hosts, as do tho plant-lico and somo othor insects 
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that arc kept by the acts for the sake of the score- 
lions which they yield. 

The Woodliee, like some other Isopoda, have a 
peculiar method of moulting. Instead of the whole 
exoskeleton being cast off at one time, as in other 
Crustacea, that of the hinder half of the body is 
moulted first, and it is only after two or three days, 
when the new cuticle lias hardened, that the exo- 
skeleton of the anterior half follows. As a result of 
this arrangement, it occasionally happens that speci¬ 
mens are found with the fore part of the body differing 
in colour from the hind part, owing to the one having 
been moulted more recently than the other. 

Woodliee occur in most legions of the globe, 
and one of the most remarkable features of their 
geographical distribution is Liu: extremely wide 
range of certain species. This is probably due, 
at least in many cases, to their accidental transport 
by human agency. Thus, Parcel lia sea her, so common 
in this country, is also found in great abundance in 
New Zealand; but Professor Chilton notes that it 
is usually found near buildings, and only rarely in 
the native bush, so that there can be no doubt that 
it has been introduced by artificial means. 







CHAPTER X 

CRUSTACEA AS PARASITES AND MESSMATES 


T HE life of every animal is in more or less 
intimate relation with that of all the living 
creatures which surround it. Some serve for its 
food, or supply it with shelter or foothold; others 
prey upon it, or compete with it for the necessaries 
of life; and others, again, influence it for good or 
evil in countless ways more subtle than these, but 
equally important. There arc some associations oi 
a closer and more enduring nature, to which the 
names of Symbiosis, Commensalism, and Parasitism, 
arc applied, and it is with examples of these that 
the present chapter is concerned. 

The term Symbiosis is strictly applied to an inti¬ 
mate physiological partnership, such as we find in 
some of the lower animals and plants, and in this sense 
there are no truly symbiotic Crustacea. The word, 
however, is sometimes used, in its litoral sense of a 
“ living together,” to embrace all cases of animals 
living together for mutual advantage. Commen¬ 
salism means, literally, “sitting at the same table,” 
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cuict ought lo be applied only lo cases where two 
or more animals, living together as “ messmates,'* 
partake of the same food; hut it is sometimes used 
more loosely lo include instances where one of the 
animals docs not actually share in the food-supply 
of the other. Parasitism, again, implies that the 
parasite lives permanently at the expense of its host, 
by sucking its juices or otherwise, and in this ease 
also there are innumerable degrees and varieties of 
dependence, which defy inclusion in a strictly logical 
scheme of classification. LCvcn such typical parasites 
as Tape-worms, for example, might strictly be regarded 
as commensals, sbnring in the host's food only after 
it has entered the alimentary canal. Finally, in all 
theso kinds of interrelation, we find cases where 
tho association is temporary, intermittent, or almost 
accidental, and where there are no perceptible 
adaptations of structure directed In its maintenance 
in cither of the partners. From these we may trace 
a series of gradations loading to cases where tho 
associated organisms arc never found apart, and 
whore tho structure of both is profoundly modified 
in adaptation to the particular form of association. 

Perhaps tho simplest form of association between 
two animals is found where ono utilizes tho othor 
as a means of transport. Tho little Gulf-weed Crab, 
previously mentioned, is very often found clinging to 
tho carapace or skin of largo marine turtlos. It iB 
not a parasite, since it can hardly derive any food 
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from the Turtle itself; neither is it a commensal, 
for there is no evidence that it shares in the Turtle’s 
tncals. It probably takes to a Turtle, when it can 
find one, as giving it a wider range of operations than 
is afforded by its usual drift-log or tuft of sargasso- 
weed. A somewhat similar case is afforded by some 
of the Barnacles that are found on the skin of 
Whales. The species of Conciwdcma, for instance, 
arc often found on certain Whales, but they may 
also occur on inanimate lloating objects. Other 
Whale-infesting Cinipcdcs, however, are specially 
adapted to their habitat, and never occur elsewhere. 
For example, Coronula (Plate XXVIII.) is a genus 
of sessile Barnacles in which the shell is elaborately 
folded, forming a series of chambers into which pro¬ 
longations of the Whale’s epidermis grow, securely 
fixing the shell. Tnbkinclla is even more effectively 
protected against dislodgincnl, for its shell is sunk 
in the thickness of the Whale’s skin, with only the 
opening exposed. Other genera of sessile Barnacles 
(Chtlonobia, etc.) are found adhering to the shell of 
Turtles. The increased food-supply made available 
by the host’s movements through the water is 
probably the chief advantage that the Barnacles 
gain in such eases. This is indicated by the fact 
that certain small stalked Barnacles {Dichclaspis, etc.), 
found on large Crabs and Lobsters in tropical seas, 
generally cluster on tho mouth parts of their hosts, 
near the entrances to, or oven within, the gill 
M 





chambers, profiting no doubt by the respiratory 
currents and the food particles they carry. 

A great variety of Crustacea find shelter and 
defence in association with Sponges, Corals, and 
other more or less sedentary animals. Sponges arc 
not eaten by many marine animals, the needle-like 
spicules which often form their skeleton no doubt 
helping to render them distasteful, and many small 
Crustacea, Amphipods, Isopods, Prawns, etc., profit 
by their immunity from attack, and lake up their 
abode in the internal channels and cavities of the 
Sponge. The beautiful siliceous Sponge known as 
" Venus’s Flower-basket ” (!•'tiplcclclhi) very often 
contains imprisoned within it specimens of a delicate 
little Prawn {.Spongicolu vcnusla ) or of an Isopod 
(Alga spmtgiophila), As these Crustacea share with 
the Sponge tho food particles drawn in by the currents 
of water passing through the pores in its walls, they 
are in the strict sense commensals. 

The Corals and various other animal organisms 
commonly known na "Zoophytes," forming together 
with the Jellyfishes the group Coelcntcra, are very 
effectively protected against the attacks of most 
predatory animals by tire possession of " stinging 
cells," and this protection is shared by many other 
animals which shelter among them. Thus, the 
branching Coral stocks which grow in great luxuri¬ 
ance on tropical coasts support a rich and varied 
assemblage of animals, some of which may actually 
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prey upon the Coral polypes, but all of which profit 
by the fact that few enemies venture to pursue them 
in their retreats. Innumerable prawn-like animals 
of the Alphcidre and other families, and many kinds 
of Crabs, arc found among living Corals. The Crabs 
of the family Tvapeziidse arc especially characteristic 
of such habitats, and their thin, flat bodies seem to 
be adapted to slip into slits and crannies of the Coral 
blocks. The most highly specialized of all Coral 
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Crabs, however, arc the species of the family Ilapalo- 
carcinidte, which modify in various ways the growth 
of the corals on which they live. In some of the 
more delicately branched kinds of Coral there may 
sometimes bo found hollow bulbous growths, each of 
which contains imprisoned within it a little Crab— 
Hapalocnrcinus manupialk (l ? ig. G6). It seems that 
the female Crab (the habits of the male are not 
definitely known) settles down among the branches 






of the Coral, and that the irritation of its presence 
causes the branches to grow up and surround it, 
coalescing with cadi other to form a kind of cage, 
and ultimately leaving only one or two small open¬ 
ings. Through those openings water can enter to 
enable the Crab to breathe, and no doubt food 
particles lind their way in, but it is not possible for 
the Crab to leave its prison. The production of 
these abnormal growths of the Coral is closely 
analogous to the formation of "galls” on plants as 
a result of the irritation set up by the presence of 
insect lurvie or other parasites, and it is not inappro¬ 
priate, therefore, to speak of them as “ ('oral galls." 

The Medusae, or Jellyfishes, like other Ccelontcra, 
are provided with poismums slinging cells, which, in 
the larger species of our own seas, are powerful 
enough to cause discomfort to bathers who come in 
contact with them. The protection thus afforded is 
no doubt of advantage to the little globular Ampin- 
pods of the genus llypcria (Fig. (17), which arc almost 
always to be found sheltering under the bells of the 
larger Medusa:. In what way the Amphipods escape 
injury from the stinging cells of their host is not 
known. 

In all the cases mentioned, the advantages of the 
partnership seem to bo all on one aide, but there 
are numerous instances in which both partners seem 
to reap some benefit. A species of Hermit Crab very 
common in moderately deep water on many parts of 
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the British coasts, Eupagitrus pridcauxi, is always 
found to have a Sea-anemone (A da nisi a palliata ) 
attached to the shell which it carries. The Anemone 



has a broad base which is wrapped round the shell, 
the mouth, surrounded by the tentacles, being on the 
under-side next the opening of the shell. There 
seems no reason to doubt 
that the presence of the 
Anemone does afford some 
degree of protection to the 
Hermit, and that, on tho 
other hand, the Anemone 
benefits by being carried 
about, and shares in the 
crumbs from the Hermit’s 
meals. It is stated that, 
when the Hermit removes to 

a new shell, it detaches the Anemone from the old 
shell with its pincers and places it in position on the 
new one. It appears, however, that it is not always 
necessary for the Hermit to remove to a larger shell 
as it grows, for the enveloping Anemone, as it in¬ 
creases in size, extends beyond the mouth of the 
shell, and so enlarges the shelter. Further, the 
Anemone in course of Lime dissolves the shell almost 
entirely away, and the Hermit is enveloped only by 
the soft fleshy mantle which it forms. 

In a similar way the deep-sea Hermit Crab Para- 
pagunis pilosimams (see Plate XVI.) is always found 
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lodged in a fleshy muss formed by a colony of Sca- 
amenones (lipisoanthm), within which, when it is 
cut open, may be found the remains of the shell 
which the Hermit lirsl inhabited. A further develop¬ 
ment of the same habit is given by Paguropsis lyftica , 
found in deep water in Indian seas, which does not 
inhabit a shell at any lime, but carries a fleshy 
blanket formed by a colony of Anemones, 

In dredging off the Itrilisb coasts, we often find 
smooth rounded lumps of n Sponge (.S 'liberties ficus), 
generally yellowish-grey in colour, having a round 
opening in which the daws of a small Hermit Crab 
{linpiti'iirus cuanensh) may bo seen. On cutting open 
the Sponge, the body of the Hermit is seen to be 
lodged in a spiral cavity, and at the apex may bo 
found the remains of a shell that has been corroded 
away by the Sponge which settled on and replaced 
it. Other species of Hermit Crabs constantly have 
their shells covered with a horny crust formed by 
Hydroid zoophytes (Ilydracliitia, etc.), and in tins 
case also the extension of the Hydroid colony beyond 
the lip of tho shell relieves the Hermit from the 
necessity of so frequently changing to a larger shell 
as it grows. 

A number of other animals arc found associated 
with Hermit Crabs, without, as far as we can see, 
rendering any service in return for the house-room. 
Tho Whelk-sheila inhabited by Eufiagimis bcrtihar- 
this (see Fla to Vll.) often contain one of the bristle- 
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footed worms (Ncreilepas fucata), which may some¬ 
times be observed to protrude its head from the 
shell when the Crab is feeding, and to snatch away 
fragments of the prey from the very jaws of its host. 
It is thus, in the strict sense of the word, a com¬ 
mensal. Species of Copepods, Ainphipods, Porce¬ 
lain Crabs, and even a Mysid, have been found 
sharing the lodging of Hermit Crabs in a similar 
way, and in addition there are various parasites, 
presently to be mentioned, found on the Crabs 
themselves, so that each Crab forms the centre of a 
whole community of widely diverse organisms all 
more or less directly dependent on it. 

A habit similar to those of some Hermit Crabs is 
that of the Crab Dyomin (sec Plate IX.), mentioned 
in a previous chapter, which carries, as a cloak, 
a mass of living sponge, holding it in position by 
means of the last two pairs of legs. Even the 
'* masking ” habit of the Spider Crabs, already 
described (p. 96), may be regarded as a kind of 
symbiosis, since the sponges, zoophytes, etc., which 
grow on the Crabs no doubt benefit by being carried 
about in return for the protection they give. 

One of the strangest habits is that of certain little 
tropical Crabs, of which Mclia iessellata (Fig. 68) is 
the best known, which carry in each claw a living 
Sea-anemone and use it as a weapon. The claws or 
chclipcds arc in this caso of small size, so that they 
woud be of little use by themselves for attack or 



defence ; but the lingers sue provided with recurved 
teeth, enabling them to trike si linn hold of tho 
slippery body of the Anemone, l’sirticlcs of food 
caught by ihc tentacles of the. Anemone are removed 
stud eaten by the Crab, which uses for the purpose 
the long walking legs of the. first pair. The same 
limbs sire also used in the. process of detaching the 
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Anonioncfi from the stone on which they may bo 
growing. Tho Anemones do not appear to suffer 
from tho rough treatment to which they are sub¬ 
jected, but whether they can reap any benefit from 
tho partnership is very doubtful. 

From remote antiquity it lias been known that a 
little Crab (Fig. G9) is frequently found living within 


on his friends. 

As a mailer of fact, however, there is no reason to 
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Natuhal Size. 

believe that the Molluscs which harbour species of 
Pinnotheres and allied genera benefit in any way by 
the presence of the Crabs. The latter probably feed, 
as their hosts do, on particles brought in by the 
current of water entering the mantle cavity. They 
arc therefore strictly " commensals,” though it is 
usual, and perhaps equally correct, to speak of them 
as " parasites.” The case is, indeed, an example of 
tho difficulty of defining these two terms. At all 
events, the Pinnothcrid Crabs show one of the 
characteristics of parasites in being to some extent 





degenerate in their structure. The carapace aiul the 
rest of the exoskeleton, no longer needed for protec¬ 
tion, have become soft and membranous, and the eyes 
and antnimtles, the chief organs of sense, are very 
minute. As in many parasites, also, the eggs pro¬ 
duced by the female are very numerous, and the 
abdomen is very broad and deeply hollowed for their 
reception. 

While most of the Pinnolhendtc live in bivalve 
Molluscs, some species are associated with other 
invertebrate animals. Piunuxades childish is found 
in a species of Sea-urchin {StrongyloccnlroliKgibbosus) 
on the coast of Chili. On opening the shell of the 
Urchin,Tho Crab is found enclosed in a thin-wallcd 
bag formed by enlargement of the terminal part of 
the host’s intestine. 

It did not escape the notice of Aristotle that a 
little Shrimp sometimes occurred in the Pinna in 
place of the Crab. This is Pontoiiia cuslos, and other 
species of the same and allied genera have similar 
habits. 

The ordor Isopoda includes a very largo number 
of parasitic species, The extensive family Cymo- 
ihoidro presents a whole series of gradations in 
habits and structure between actively swimming 
predatory species and others which in the adult 
state are permanently fixed to their host, usually a 
fish, and are incapablo of movement. At one end of 
the series are the species of Cirolana, which have 



hook, and gnaw their 
way into its body, so 
that when brought to 
the surface the fish con¬ 
sists of little more than 
skin and bone. 

The little Eurydic 
achaltts, belonging to 
the same subfamily, yo CovUttut borotiis. Auout 
C irolaninte, is com- Natukal Sm " (Aftor 

monly taken in the 

tow-net in sandy bays on our own coasts. It is said 
sometimes to attack bathers, and to “ nip most 
unpleasantly.” 

More definitely parasitic arc the species of Mga 
and allied genera, which have piercing and suctorial 
month parts, and suck the blood of fish. They arc 
usually found adhering closely to the skin of their 
victim by means of the strong hooked claws of the 
anterior pairs of legs j but they have not lost the 













power nf locomotion, and, as females bearing eggs 
arc never taken on lisli, it would appear that they 
drop off after gorging themselves with blood, and 
probably seek a retreat at the bottom of the sea, 
where they may lmteh llieir young in safely. The 
digestive canal of /7ig<i dilates into a large bag, 
which becomes distended with a semi-solid mass of 
blood. This mass, when extracted and dried, is the 
" Peter's stone” of old Icelandic, folklore, to which 
magical and medicinal virtues were attributed. The 
species /lifta sfiautfiofthih, already mentioned, differs 
in its habits from all the other species of the genus, 
since it lives, not on lisli, but in the interior of a 
sponge. 

The most completely parasitic members of the 
C.ymolhoidiu are found in the subfamily Cymo* 
thoimu, including llm typical genus Cyinolltoa 
(Plate XXIX.) and many others. The adult animals 
are found clinging to the skin of fishes, the legs 
being provided with strong hook-like claws that give 
them a very linn hold. Homo species, especially 
common on Plying-lishea, cling to the tongue of the 
fish, and almost prevent it from closing its mouth. 
When young, the Cymolhoimu swim freely, and the 
slmpo of the body is not unlike that of the Ciro- 
lanimc; but after they have settled cm a host the 
body often becomes distorted ancl unsymmclrical. 
A still more remarkable change occurs in the repro¬ 
ductive organa in some, if not in all members of this 
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subfamily, Lad) individual, when it first attaches 
itself to a host, presents the characters of the male 
sex. Later it becomes a female, develops a brood- 
poncli, and produces eggs. The animals arc, in fact, 
hermaphrodite; but it is to be noted that the 
hermaphroditism is of a different kind from that 
presented by the Cirripcdia, since the organs of 
the two sexes arc successively, not simultaneously, 
developed. Where, as in this case, the male phase 
conics first in the life-history of the individual, the 
condition is known as “ prolandrous ’’ hermaphro¬ 
ditism. 

Another large group of parasitic Isopods is the 
suborder Kpicaridca, all the species of which are 
parasitic on other Crustacea. It is not uncommon 
to find specimens of the common Prawn (Lciuulcy 
scyrahts) which have a largo swelling on one side 
of the carapace. If the lower edge of the carapace 
ho raised, it will be seen that this swelling is due to 
the presence in the gill cavity of an Isopod parasite 
(Dopynts sqttillaruiii). A closely similar form, found 
on Prawns of the genus Sjnrontocaris, i9 Bopyroiiles 
hippolylcs , represented in big. 71. Ollier allied 
species are found on Hermit Crabs and other 
Decapods. When extracted, the parasite is seen 
to have a fiat and curiously distorted body, with 
extremely short legs ending in hooked claws. The 
undcr-aido is generally occupied by a relatively 
enormous mass of eggs, which is only partly covered 





iii l>y the small brood-plates. The mouth parts form 
a short piercing heuk with which the parasite sucks 
the hluoil of its host, On the under-side of the 
abdomen may usually he found the minute male, 
attached, like a secondary parasite, to the body of 
the female. 

The species of Hpicaridea arc very numerous, and 
they infest Crustacea belonging to nearly all the 
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chief groups of the class, a few even being parasitic 
on other Kpicaridea. Many of them differ greatly 
from tho Uo/iym just described, and in some cases 
it would bo impossible to guess from tho structure of 
the adult animals that they were Isopoda, or even 
Crustacea at all. The life-history is not yet com- 
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parasitic on certain Copepoda. Further, some of the 
Epicaridca, like the Cymothoime described above, 
arc protandrous hermaphrodites, developing the male 
orgaits when in the last larval stage, and passing 
into the female phase after they have become attached 
to the host. In JJopynis and many other genera, 
however, there is no evidence that the males ever 
develop into females. 

Some of the most remarkable Epicaridca arc those 
belonging to the family Entonisckhc, which are para¬ 
sitic on Crabs. In these the parasite penetrates from 
the gill chamber into the interior of the body of tile 
host, remaining enveloped, however, by a delicate 
membrane which grows in with it from the wall of 
the gill chamber. The body is distorted in an extra¬ 
ordinary fashion, so that at first sight it seems 
impossible to trace any resemblance to the form of 
a typical Isopod. 

Among the Amphipoda thcro arc a few species be¬ 
longing to various families of the Gammaridca which 









have suctorial mouth parts, ami lead a semi-parasitic 
existence; but the only completely parasitic forms 
are the Whale-lice, forming the family Cyamkhe (see 
Fig. 2 J, p. 55) in the suborder I'nprcllidcu. Although 
differing greatly in the broad, Jlultcncd shape of the 
body from the slender, thread-like Cuprcllidic, they 
closely resemble them in strnclnre, particularly in 
having the abdomen reduced to si mure knob. The 
fourth and fifth pairs of thoracic limbs have dis¬ 
appeared, although the gills corresponding to them 
arc very large; and the last three pairs of legs have 
long curved claws which enable the Whale-louse to 
cling /irmly to the skin of its host. The mouth parts 
are adapted for biting, not for sucking blood, and 
the animals seem to live by gnawing the skin of tile 
Whales. In one respect the Whale-lice are unique 
among Crustacean parasites : they have not the 
power of swimming at any period of their life-history. 
The young settle down near their parents, and masses 
of many hundred individuals of all sues are found 
clinging close together on the skin of the host. 

No group of Crustacea exhibits more numerous or 
more varied examples of parasitism than the Cm. 
pepoda. Every grade of transition between a Tree 
predalory habit of life and the most complete 
dependence upon a host may ho traced in various 
families of the subclass. Only a few examples can 
be mentioned hero. 

The commonest "fish-lice" arc the numerous 






by incans of which the ani¬ 
mals cling to the skin of the 
fish they infest, and in Caligtts 
the basal segments of the 
antennules have a pair of 
suckers which aid in ad¬ 
hesion. The mouth parts 
are adapted for piercing, and 
arc enclosed in a suctorial 
proboscis. 

When the young Caligid, 

after passing through the 

free-swimming larval stages, t f ia. 72 —a Fjsh i.ousk 
D 0 (Giiigiis rap ax). W.mm.e. 

first becomes attached to a ><3. (Afior Wilson.) 

fish, it adheres by means of a 

thread-like process issuing from the front of the head, 
and(formed by the secretion of a gland.) At this 
stage, formerly described as an independent species 
under the gcnoric name of Chalinins ,(the parasite is 
unable to dotach itself from its host; but later, in 



IS 






ninny species, it re*acquires the power of swimming, v 
and specimens of C'rt/igns, for instance, are commonly 
found free in tow-net gatherings. 1 
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A, Naupliua, jn mi Imlrlietl; H, yomtg foirmlo taken from kWh of 
Flounder; C, free swimming atngo of fomnlo, after leaving 
Flountlwr ; 1), frco*wlmwl»K nwlo; K. femtila Jim after vmtling 
on gills of Whiting ; l\ fully.dovalopim female 

On the gills of Cod, Haddock, and other common 
fish, we often find a red worm-like parasite, Lermea 




branchialis (Fig. 73, F), which at first sight seems 
to bear no sort of resemblance to a Crustacean. 
The soft body is curiously doubled up, and is 
attached to the host' by a narrow neckj; while dissec¬ 
tion will reveal a small head buried in the fiesh of 
1 the fish’s gills, and having three branched outgrowths, 
which penetrate into the surrounding tissues and 
make the attachment of the parasite more secure. - 
Near the hinder end of the body arc two coiled 
threads, which are the egg-masses. The reduced 
mouth parts and the microscopic vestiges of the 
swimming feet may be detected on and near the 
head, but apart from these it would be hard to 
find any characters to show that the animal is a 
Crustacean. 

The life-history of Lertuea is very remarkable. 
The young arc hatched in the nauplius stage 
(Fig. 73, A), and after passing through some further 
frcc-swimining stages they become parasitic on a 
fish. Curiously enough, however, they choose a 
very different host from that on which the adults 
are found, for at this stage (Fig. 73, B) they attach 
themselves to the gills of one of the Flat-fishes 
(Plcuroncctidoi), such as the Flounder, Plaice, etc., 
attachment being effected by a frontal cement gland 
similar to that of the larval Caligidre, already 
mentioned. The animal is now without the power 
of swimming, its appendages becoming reduced to 
stumps and losing their scUe, After passing some 





time in this condition, the larva again acquires the 
power of swimming, and leaves its host. Hath sexes 
become mature in this free-swimming stage (Fig. 73, 

D), and impregnation is effected. The males 
die without developing further, but the females seek 
a second host, a lish of the family Gad kite, such as 
the Cod, Haddock, etc., and, settling on the gills, 
become metamorphosed (big. 73, 1 C) into the adult 
form described above. 

Within the gill cavities of the slrange-looking lish 
known as the Angler or Fishing-frog (Lapkins 
phctitimus) there may often lie found specimens of 
another parasitic Copcpod, Clumdnictuilhiis gibhtnijs. 
It Inis tv soft, uusvgmuntud body about half an inch 
long, provided with numerous blunt lobes w’^ch 
give it a very irregular shape. On the under-side, 
near the front, are forked lobes representing two 
pairs of the swimming feel. At the hinder end are 
usually attached a pair of long thread-like egg-innsses. 
Just at the point where the egg-masses are uttuchcd, 
close inspection of the under-side of the body will 
reveal a very minute mnggot-liko object. This is 
a male individual, which is attached, like a secondary 
parasite, to the body of the enormously larger female. 

In all the cases mentioned, the animal iB parasitic 
in tile final stalo of its existence—at least in the 
female sox—but there arc a few Copepada which are 
free-swimming, both when young and when adult, 
but parasitic in the intermediate stages. Among the 
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A, Froe-swl mining nauplius larva; 33, embryo after penetrating 
IlUo tho body ot tho worm Sahnacimi ; C, D/K, successive stages 
in tho body of tho host; K, froo-swimming adult female, (All 
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r, nauplius oyo; /, swimming foot; g.s,, hairs on which tho eggs 
aro carried; ///, position of mouth; vul x hooked mnndlblo of 
nauplius; n, norvo cord; ov, mass of eggs carried by femalo; ovy, 
ovary; fir t absorptive processes, 





Cnpcpnda taken by the tow-net in Hritish seas, there 
imiy sometimes he found species of the family 
Monstrilluhu .(big. 7.1, I’), which are remarkable for 
having no appendages between the anlemndcs and 
the first pair of swimming feel. They liavc no trace 
of jaws, and only a minute vestige of a mouth-open¬ 
ing; while; internally there is nn food-canal, so that 
(he animals arc incapable of taking nourishment. 
Their development was for long a mystery, but it 
is now known that the greater part of their life is 
passed as internal parasites in certain bristle-fooled 
worms (I’olyduela). The young are hatched ns 
nauplitia lame (big. 7.1, A) without mouth or food- 
canal, hut capable of swimming, and having the 
third pair of appendages (mandibles) furnished with 
strong hooks, by means of which they fasten on to 
the worm which is to serve as their host. The 
nauplins bores through the skin of the worm, casting 
its cuticle and losing all its appendages in the 
process, and making its way into one of the blood¬ 
vessels in the form of a little oval mass of cells 
(l f ig. 7.1, JI), within which no organs except the 
degenerating nauplius eye can ho detected. It later 
becomes enclosed in a delicate cuticle, and from one 
end two long linger-like processes grow out, which 
arc believed to have the function of absorbing 
nourishment from the blood of the host (big. 7.;, C, D). 
Within the cuticle the organs of the adult animal 
arc gradually differentiated (Fig. 7.), E), and when 



fully formed it bores its way through the tissues of 
its host by means of rows of hook-like spines 
surrounding the pointed posterior end of the sac. 
On reaching the surface the enclosing membrane 
bursts, and the adult animal is set free. 

Of all Crustacean parasites, however, perhaps the 
most remarkable in their structure and life-history 
nrofthc Cirripedcs of the order Rhizoccphala. It is 
not imcdThmorToh the British coasts to fimTspecimcns 
of the common Shore Crab or other Crabs which 
carry under the abdomen an oval fleshy body. This 
is the Rhizoccphalan Sncculina cai'ciui (Plate XXIX.), 
and it would hardly be possible to guess, from its 
appearance or structure, that it was a Cirripede or a 
Crustacean at all. It is attached to the under-side 
of the Crab’s abdomen, by a short stalk, and in the 
middle of its opposite surface is a small opening 
which leads into a cavity separating the outer 
“ mantle ” from the body of the animal. Very often 
this mantle cavity will be found to be full of eggs 
enclosed in sausage-shaped packets. At the point 
where the short stalk enters the abdomen of the 
Crab, it gives off an immense system of fine branching 
roots, which penetrate throughout the body of the 
Crab, and even into its kgs and other appendages. 
By means of these roots the Sacculina absorbs 
nourishment from the body-fluids of its host. Like 
most Cirripedcs, Sacculina is hermaphrodite, and the 
body within tho mantle cavity contains only the 
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